Effects of shape, conformation, and symmetry on macrocycle synthesis via alkyne metathesis by Sisco, Scott
! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2014 Scott William Sisco 
 
 
 
 
 
 
EFFECTS OF SHAPE, CONFORMATION, AND SYMMETRY ON MACROCYCLE 
SYNTHESIS VIA ALKYNE METATHESIS 
 
 
 
 
 
 
BY 
 
SCOTT WILLIAM SISCO 
 
 
 
 
 
 
 
 
DISSERTATION 
 
Submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Chemistry 
in the Graduate College of the 
University of Illinois at Urbana-Champaign, 2014 
 
 
 
 
 
Urbana, Illinois 
 
 
Doctoral Committee: 
 
Professor Jeffrey S. Moore, Chair 
Professor Martin D. Burke 
Professor Steven C. Zimmerman 
Professor Kenneth S. Suslick 
 
 
 
 
     ii 
 
Abstract 
 
The well-defined shapes and π-systems of conjugated macrocycles enable systematic modulation 
of these structures for self-assembly into functional organic materials. However, most synthetic 
methods rely on kinetically controlled reactions that often afford complex mixtures and low yields of 
a desired macrocycle. Dynamic covalent chemistry (DCC), specifically alkyne metathesis, was used 
to elucidate and probe the structural parameters that favor efficient macrocycle synthesis, because it 
involves rapid, reversible reactions under thermodynamic control, yielding product distributions that 
are determined by the differences in free energy of the possible product structures. This dynamic 
approach is fairly predictive for conformationally constrained and C2-symmetric monomers, but 
when the monomer structure deviates from these parameters, it becomes difficult to predict the 
major product and the factors that favor a narrow distribution over a broad distribution of products.  
Since competing structures must possess distinct differences in molecular geometry or 
conformation to realize narrow product distributions and high yields of a single macrocycle target 
via DCC, monomer structures were rationally designed to determine the influence of various factors 
on dynamic macrocyclization. Specifically, this work involves the synthesis of structurally unique 
poly(arylene-ethynylene)s that undergo alkyne metathesis-mediated depolymerization. The effects of 
three structural properties on the distribution of macrocycles from alkyne metathesis were 
investigated: shape (Chapter 2), conformation (Chapter 3), and symmetry (Chapter 4). Collectively, 
these results demonstrate the profound influence of an incongruent monomer shape to favor a 
narrow distribution of directional macrocycles, the effect of torsional axes in the efficient 
preparation of functionalized macrocycles with relaxed conformational constraints, and the roles of 
entropy and symmetry in the self-sorting of chiral macrocycles. This work is an important step 
toward establishing design rules for the rational synthesis of complex, functional macrocycles by 
showing how small changes in structural parameters influence the equilibrium and product 
distribution. Development of these guidelines is advantageous for the efficient preparation of single 
macrocycle targets by thermodynamic controlled approaches, allowing for exploration of the 
potential applications and fascinating properties of conjugated macrocycles. 
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Chapter 1 
Introduction 
 
1.1 Functional Properties of Conjugated Macrocycles 
Macrocycles have attracted much interest due to their functional properties such as host-
guest complexation,1 sensing,2 nanofibril self-assembly,3 liquid crystallinity,4 redox activity,5 as 
well as unique optical and electronic behaviors6. These unique functions and potential 
applications have initiated synthetic advances over the last several decades to access different 
types of macrocycles.7 Some well-known classes of macrocycles are cyclodextrins,1d,8 crown 
ethers,1a,9 calixarenes,10 porphyrins,6d-e,17a,11 and annulenes4c,12 (Figure 1.1). The functional 
properties of these classes of macrocycles are diverse and can be tailored for different uses by 
altering their cyclic backbone and inner cavity void.  
 
Figure 1.1 – Representative examples of well-known macrocycles. 
 
Due to their unique ability to self-assemble into complex architectures via supramolecular 
interactions, conjugated macrocycles have emerged as a special class of macromolecules (Figure 
1.2).6e,7b-c,10,11,13 The well-defined shapes and conjugated π-systems of these macrocycles enable 
systematic modulation of the desired properties. It has been shown that these types of 
macrocycles can self-assemble into columnar nanoporous architectures,3c-d,14 2D monolayers,15 
and 3D inclusion complexes1e,16. Due to the π-conjugative nature, these macromolecules can also 
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exhibit unique optical and electronic properties such as liquid crystallinity and fluorescence 
quenching via analyte binding.2d,4a,4d,16b,17  
 
Figure 1.2 – Examples of conjugated macrocycles. 
 
Over the last several decades, there has been significant interest in the synthesis of these 
novel macrocycles and exploration of the resulting properties. However, a major challenge is 
often synthesizing these unique structures in an efficient and timely manner.7,13 Due to the large 
and cyclic structure of macrocycle targets, synthetic challenges are associated with developing 
methods that enable greater control of intramolecular cyclization over intermolecular 
oligomerization. Poor selectivity for the intramolecular cyclization can lead to a complicated 
mixture of products, which makes purification of the target macrocycle a difficult task. Also, a 
strategy that involves many synthetic steps may overcome the intramolecular cyclization 
challenge, but it is usually a time and resource intensive process. This Chapter will highlight the 
recent challenges and advances in conjugated macrocycle synthesis, with a focus on structural 
factors that influence macrocycle formation. A greater understanding of these factors could lead 
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to more efficient methods for macrocycle preparation. Thus, exploring the potential applications 
and fascinating properties of conjugated macrocycles will no longer be limited by the synthetic 
efforts necessary to access the desired structures. 
 
1.2 Overview of Conjugated Macrocycle Synthesis 
Generally, the synthesis of conjugated macrocycles can be separated into two strategies. The 
most common approach uses kinetically controlled reaction methodologies to form the desired 
structures in either one- or multi-step syntheses starting from a monomeric building block.4b,7,13 
A one-step or one-pot synthesis is often the quickest method to access macrocyclic material; 
whereas, the multi-step synthetic approach is a lengthier scheme but provides direct control over 
the intermediates and desired macrocyclic structure. A second strategy involves reversible 
formation of covalent bonds to form intermediates and products under thermodynamic 
control.13e In this approach, all potential linear and cyclic species are in equilibrium with each 
other, so the concentration of each linear and cyclic species is determined by their 
thermodynamically stability. 
 
1.2.1 Kinetic Approaches to Macrocycle Synthesis 
Most synthetic organic reactions are irreversible with respect to product formation. This is 
not problematic for small molecule synthesis since it involves irreversible functional group 
manipulations with a high level of control and selectivity. On the other hand, irreversibility in 
macrocycle synthesis can lead to undesired formation of different sized macromolecules. Yet 
several strategies have emerged enabling the preparation of novel macrocycles (Figure 1.3). 
There have been several comprehensive reviews covering the synthesis of conjugated and 
functional macrocycles via irreversible, kinetically controlled reactions in the last decade.4b,7,13a-c 
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The following section will only highlight recent or notable examples for the common strategies 
outlined in Figure 1.3. 
 
Figure 1.3 – Three strategies for kinetically controlled synthesis of a theoretical hexamer macrocycle. 
 
One of the more common strategies is the oligomerization of a difunctional monomer 
(Figure 1.3a), which leads to irreversible formation of all possible linear and cyclic oligomers. 
Yields are often low because purification and isolation of a desired product from this complex 
mixture of oligomers can be a major challenge. Despite its inefficiencies, this approach is often 
used because macrocyclic material can be accessed in few synthetic steps starting from readily 
available building blocks. 
 
Scheme 1.1 – Preparation of CPPs via Suzuki cyclooligomeriation and aromatization. 
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The one-pot cyclization is a prevalent strategy due to its simplicity, which was utilized in the 
first synthesis of [n]-cycloparaphenylenes (CPPs) by Jasti and co-workers (Scheme 1.1).18 The key 
strategy to achieve the synthesis was a trans 1,4-disubstituted cyclohexadiene unit that acted as a 
corner unit and as a precursor to a benzene ring. A one-pot cyclization was achieved by Suzuki-
Miyaura cross-coupling of 1 and 2 to afford a mixture of cyclic species. Aromatization of the 
cyclohexadiene units were achieved with lithium naphthalenide and the [9]-, [12]-, and [18]-
cycloparaphenylenes (3, 4, and 5) were isolated in very low yields after chromatographic 
purification. The low yields are due to the irreversibility of the Suzuki cross-coupling reaction, 
which leads to a mixture of macrocycles that must be separated from each other. Several other 
methods have been developed to access the cycloparaphenylene family, but most utilize cross-
coupling reactions to access the desired cyclic structures in a modular fashion to have greater 
control over the ring sizes.19 The processes are more efficient than the system seen in Scheme 
1.1, but require more synthetic steps to access the modular building blocks to construct the 
desired CPPs. 
An alternative strategy is available that offers greater control over the intramolecular 
cyclization. Using protecting groups, a linear oligomer of a desired length can be prepared in an 
iterative fashion by sequential deprotection and reaction sequences (Figure 1.3b).4b,20 Once the 
linear oligomer is formed, the final ring closing is initiated under high-dilution to favor the 
intramolecular reaction and minimize formation of longer linear oligomers. Due to the iterative 
assembly, this method provides precise control over the macrocycle’s structure, shape, and size; 
however, the synthetic efforts can be resource-intensive due to the use of protecting groups. 
Boron-containing macromolecules is of considerable interest to chemists due to the 
optoelectronical properties of the resulting materials.21 Jäkle and co-workers developed an 
iterative synthetic strategy to assemble fluoreneborane oligomers, which utilizes the selective 
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reactivity of arylboranes with arylstannanes over arylsilanes and the trimethylsilyl group that acts 
as a bromoborane masking group.22 A series of monodisperse linear oligomers were prepared 
with this iterative coupling method to study the effect of length on the electronic and optical 
properties. 
 
Scheme 1.2 – Iterative assembly and high-dilution cyclization of fluorenyl-borane macrocycles. 
 
This same method was also demonstrated to be effective for macrocycle synthesis in the 
preparation of bora-cyclophanes (Scheme 1.2).23 The diborylated monomer 6 was subjected to a 
sequence of iterative coupling by reaction with 2-(trimethylsilyl)-7-(trimethylstannyl)-9,9-
dimethylfluorene 7 then addition of 2,4,6-triisopropylphenyl cuprate (Ar-Cu) to displace the 
bromines on the boron centers followed by unmasking of the trimethylsilyl groups with boron 
tribromide to yield the linear trimer with terminal bromoborane groups. Another sequence 
afforded the linear pentamer 8 in an overall yield of 30% starting from 6. This linear pentamer 
was reacted with the distannylatedfluorene monomer 9 under high-dilution conditions followed 
by addition of two equivalents of 2,4,6-triisopropylphenyl cuprate to yield the cyclic hexamer 
bora-cyclophane 10 in 31% yield. Oligomerization of a linear trimer or 6 with 7 yielded a 
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complex mixture of linear and cyclic species. This strategy highlights the advantages of an 
iterative coupling process and the smart use of a functional group that can be unmasked to a 
reactive functionality for macrocycle assembly. However, the iterative synthesis is a intensive 
process that only increases in time and efforts as the macrocycle targets become larger. 
A similar strategy uses high-dilution ring closing as the final step, but starting from two 
dimer halves of the final macrocycle (Figure 1.3c).7b-c,13a-c This has been typically used for larger 
macrocycles where it becomes synthetically prohibitive to assembly the linear precursor prior to 
high-dilution ring closing. Additionally it offers a more streamlined approach to macrocycles by 
convergent assembly of one half of the macrocycle (“hemisphere”) followed by dimerization 
under high-dilution to form the desired macrocycle. A classic example is illustrated by Höger and 
co-workers in which a monoprotected dialkyne 11 is sequentially coupled and deprotected 
multiple times to yield the diyne “hemisphere” 12 in 52% yield over 5 steps (Scheme 1.3).24 This 
macrocycle half was subjected to high-dilution Glaser coupling conditions to afford the large 
macrocycle 13 in good yield. 
 
Scheme 1.3 – Dimerization via Glaser coupling of “hemisphere” diyne monomer.  
THP = tetrahydropyran. 
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Kinetically controlled methods are used often because of the variety of reactions that can be 
used to prepare a range of macrocycles, but these methods all require difficult purifications or 
lengthy synthetic efforts resulting in low yields. Additionally, the high-dilution ring closing 
strategy is not particularly amenable to large-scale reactions. The primary reason behind the 
difficult purification and low yields is the complex distribution of products that is generated 
irreversibly due to the kinetic control. It would be advantageous to have a more efficient method 
to prepare these unique macromolecular structures in high yields.  
 
1.2.2 Overcoming the Kinetic Barrier via Preorganization 
It is worthy to note that there have been several examples of high yielding macrocycle 
syntheses under kinetic control. The one commonality among the strategies is the use of 
preorganization to favor intramolecular ring closing over intermolecular oligomerization. This 
was accomplished either through the use of a template or hydrogen bonding to preorganize the 
reacting monomers for cyclization.13e Synthesis with a template is a logical strategy due to the 
macrocycle’s inner cavity that can accommodate various guests; however, the use of a template 
limits the targets to monomers and macrocycles capable of binding with a template. Non-
covalent binding requires either a donor or acceptor to be present on the monomers, whereas 
covalent tethering to a template expands the groups that can be used, but this requires additional 
attachment and cleavage steps in an already lengthy synthetic sequence.7c,13e As seen in Scheme 
1.4, a terpyridyl heterocycle was mixed with a porphyrin diyne monomer 14 under Glaser 
coupling to afford the cyclic porphyrin trimer 15 in good yields due to supramolecular 
preorganization.25 Additionally, when the same monomer 14 is mixed instead with 4,4’-bipyridine 
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under the same reaction conditions, the cyclic dimer is the major product in 70% yield. In the 
absence of any template, a mixture of macrocycles is obtained. 
 
Scheme 1.4 – Synthesis of porphyrin trimer via a template and Glaser coupling. 
 
Scheme 1.5 – Oligoamide macrocycle synthesis via hydrogen-bonding preorganization of monomers.  
R = C8H17. 
 
There has also been a fascinating example of preorganization in macrocyclization using a 3-
center hydrogen bond with the oligomerization of diamino and diacid chloride monomers 16 and 
17 (Scheme 1.5).26 The cyclic hexamer 18 was formed in good yields despite irreversibility of the 
bond formation. This was attributed to the 3-center hydrogen bonding between the amide 
proton and ether oxygens on both monomers that preorganized the linear oligomer to favor 
intramolecular cyclization (Scheme 1.5, inset). While the use of templates help overcome the 
drawbacks to kinetically controlled macrocyclization, it also limits the targets to macrocycles 
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capable of preorganization, such as those monomers capable of hydrogen bonding or containing 
specific donor or acceptor groups. A more general approach would provide access to almost any 
potential macrocycle structure in an efficient process, but clearly templates in addition to 
kinetically controlled reactions are not the solution due to the low yields, lengthy schemes, and 
specific requirements for templates. 
 
1.2.3 Macrocycle Synthesis under Thermodynamic Control 
Synthesis of macrocycles via reversible formation of intermediates and products requires the 
use of a covalent bond that can be reversibly formed and broken. The field of dynamic covalent 
chemistry (DCC) has demonstrated the effectiveness of these bonds in the creation of 
macrocycles, polymeric materials, and combinatorial libraries.27 The primary advantage of DCC 
in macrocycle synthesis is that the kinetically formed linear and cyclic oligomers continue to react 
and funnel towards a thermodynamic product distribution.13e All potential linear and cyclic 
species are in equilibrium with each other, so that the most thermodynamically stable product is 
formed in highest yield. Thus, a high yield can be obtained if one product is significantly more 
stable than other potential macrocycles due to the dynamic and reversible nature of DCC. 
Additionally, the use of guest molecules have been utilized to amplify the yield of a macrocycle 
from a dynamic library.27 The dynamic bonds and reactions that have been used most effectively 
in macrocycle synthesis are C=N (imine, hydrazine formation),13d,28 B-O (boronic acid 
esterification),2f C-O (esterification and acetalation),29 S-S (disulfide formation),30 C=C (alkene 
metathesis),31 and C≡C (alkyne metathesis)13e,32.27 The reactions can be divided into three groups: 
(1) the use of symmetric bonds such as disulfides, alkenes, and alkynes (Figure 1.4a), (2) self-
condensation of unsymmetric bonds via A-B building blocks, i.e. monomer containing a 
hydroxyl and carboxylic acid group (Figure 1.4b), and (3) AA+BB oligomerization of two 
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difunctionalized monomers (Figure 1.4c). There are several excellent review articles that have 
documented and compiled macrocycle syntheses utilizing DCC bonds.13d-e,27 The scope of this 
Section is not to list recent examples, but to focus on factors that influence the macrocyclization 
and product distribution with specific examples from the literature. 
 
Figure 1.4 – DCC strategies for macrocycle synthesis (cyclic hexamer is only shown as an example). 
 
Despite the potential advantages of DCC as a reversible method under thermodynamic 
control, these qualities can also be problematic. For a system to truly reach equilibrium, every 
species must be kinetically and thermodynamically accessible. For example, if a system has a 
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Additionally, if some species is insoluble and precipitates from the reaction, this can cause a 
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mixture will be attained which would make purifying the desired product a challenge. Even more 
important is designing a system that takes advantage of the equilibrium and significantly favors a 
single product to attain a narrow product distribution.13e Establishing design rules would be 
advantageous to understand what factors are important in achieving a narrow distribution of 
products from a DCC reaction for the efficient, rational preparation of novel macrocycles. The 
following Sections will highlight significant and recent examples of macrocycle synthesis via 
DCC with a focus on factors that influence the product distributions.  
 
1.3 Factors Influencing Macrocyclic Product Distributions via DCC 
Preparation of macrocycles is relatively simple using the dynamic and reversible nature of 
DCC.27-32 Since the reactions are under thermodynamic control, the product ratio will be related 
to the difference of the Gibbs free energy (ΔG) between the potential macrocyclic species. The 
Gibbs free energy is related to enthalpy (H) and entropy (S) and can be defined by the following 
equation, ΔG = ΔH – TΔS.  The most stable macrocycle product will have greatest differences 
in enthalpy and entropy, more precisely the lowest enthalpy and the highest entropy.13e A low 
enthalpy is commonly associated with minimization of a macrocycle’s ring strain, which provides 
a stable structure with maximum bonding and minimal bond deformation from ideality. On the 
other hand, higher entropy in macrocyclization favors the smallest macrocycle due to increasing 
the number of species in solution (i.e. 50 dimers will be favored over 10 pentamers). Therefore, 
the most stable macrocycle, in general, will be the smallest macrocycle minimizing ring strain and 
bond deformations. This should hold true for most monomers regardless of rigidity and 
structure. While this rule can be applied generally,13e it can be difficult to predict how small 
changes in structure and conformation will impact the product distribution. More specifically, a 
macrocycle may be the major product after a DCC reaction, but there may be a broad 
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distribution thereby diminishing the yield and efficiency of the DCC methodology. In this vein, it 
would be advantageous to understand how different factors influence the distribution of 
products so that design rules can be formulated for the rational preparation of narrow 
distributions and high yields of novel macrocyclic structures. 
 
1.3.1 Geometric Angle of Reactive Groups  
One of the basic structural parameters that can be rationally modified is changing the angle 
between reactive groups on a corresponding monomer. It is also quite intuitive to grasp how this 
may affect the corresponding macrocycles that are formed upon DCC. Monomers capable of 
symmetric DCC (alkene/alkyne metathesis and disulfide bonds) with angles of 60°, 90°, and 
120° will generally favor formation of triangular-shaped, square-shaped, and hexagonal-shaped 
macrocycles, respectively;13e,31b,32a whereas an angle of 180° will favor formation of linear 
polymer35 (Figure 1.5).  
 
Figure 1.5 – Effect of angle in symmetric DCC. 
 
Olefin metathesis is a powerful method for the synthesis of small molecules and polymers.36 
Predominantly, ring-closing metathesis (RCM) has been utilized in total synthesis endeavors and 
the preparation of large flexible cyclic molecules.37 Despite the prevalent use by synthetic organic 
chemists, there has been little application of this method in conjugated macrocycle synthesis until 
recently.31b,d Zhang and co-workers utilized Grubbs 2nd generation catalyst in the synthesis of 
arylene-vinylene macrocycles with meta-substituted benzene (120°) as well as carbazole-based 
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(90°) building blocks 19 and 21 (Scheme 1.6).31b Vacuum-driven evolution of ethylene helped 
drive the reaction to conjugated oligomers and macrocycles. Both macrocycles 20 and 22 were 
isolated in moderate yield because the corresponding monomer’s rigidity when incorporated into 
the product best accommodated the geometric angle of the reacting groups.  
 
Scheme 1.6 – Synthesis of conjugated arylene-vinylene macrocycles via olefin metathesis. 
 
In addition to olefin metathesis, alkyne metathesis catalysts have been developed for use in 
macrocycle synthesis, polymerizations, and total synthesis of macrolide natural products.32 
Several shape-persistent arylene-ethynylene macrocycles (AEMs) have been synthesized in one 
step and excellent yield from different monomers (Scheme 1.7).32a-b Under alkyne metathesis, the 
rigid monomers 23, 25, and 27 with persistent alkyne angles of 60°, 90°, and 120° respectively 
give the following AEM as the major product: ortho-phenylene-ethynylene cyclic trimer 24, 
carbazole-ethynylene tetracycle 26, and meta-phenylene-ethynylene hexacycle 28. This was 
accomplished via a novel strategy where upon metathesis, the benzoylbiphenyl end groups react 
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to form an insoluble bis(benzoylbiphenyl)acetylene (R-C≡C-R, Scheme 1.7) which precipitates 
from the reaction, thereby driving the equilibrium towards products containing only the 
monomers and no end groups. This leads to high yields of macrocycle products due to the fixed 
angle that funnels the distribution to a major macrocycle product that minimizes ring strain.  
Scheme 1.7 – Shape-persistent macrocycle synthesis via “precipitation-driven” alkyne metathesis. 
 
This concept can also be extended to monomers capable of AA+BB reactions (imine, 
boronic esterification, etc.). If both monomers have angles smaller than 180°, the product 
distribution can become quite complicated due to a variety of shapes that can be accommodated. 
However, simply making one monomer have an angle of 180° leads to the expanded geometric 
shapes (Figure 1.6). This strategy has been heavily utilized in the preparation of imine 
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macrocycles (Scheme 1.8).13d The AA+BB condensation technique is advantageous because it 
allows for different monomers to be easily interchanged as reaction partners. Typically, 3+3 
condensation is a preferred method and gives triangular products in moderate to good yields.13d,38 
Predominantly for conjugated macrocycles, the building blocks are rigid and C2-symmetric, 
which afford simple product distributions and good yields of macrocycle that best accommodate 
the fixed geometric angle and minimize ring strain. 
 
Figure 1.6 – A simple case of the role of angle in AA+BB DCC reactions with rigid monomers. 
 
Scheme 1.8 – 3+3 condensation for imine macrocyclization. R1 = H, OC2H5, or OC6H13. X = C or N. 
 
An example showcasing the challenges associated with DCC involving two monomers with 
geometric angles less than 180° was illustrated by Gross and co-workers in the depolymerization 
of co(polyarylene-ethynylene)s via alkyne metathesis (Scheme 1.9).39 A meta-substituted 
diiodobenzene (120°) monomer was copolymerized with a diethynylcarbazole-based (90°) 
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monomer under Sonogashira cross-coupling conditions to afford the alternating polymer 29. 
After metathesis, a broad range of mixed macrocycle species, mostly cyclic tetramer and 
pentamers, containing different combinations of the two monomers were observed by mass 
spectroscopy analysis. This broad distribution can be attributed to the geometric mismatch of the 
two monomers and the possible macrocyclic structures. 
 
Scheme 1.9 – Alkyne metathesis with mismatched geometric monomers. 
 
1.3.2 Conformation 
To obtain narrow distribution of products, typically the monomers and DCC bond are rigid 
to favor the corresponding planar geometries as seen in the previous Section 1.3.1. High yields of 
macrocycles were afforded because of the monomer’s angle persistence. For instance, the 
disulfide monomer 30 (120°) has the same geometric angle between reactive groups as the 
divinyl and dialkynyl monomers 19 and 27 (Schemes 1.6-1.7). However the product distribution 
of 30 under reversible oxidative disulfide formation favors smaller macrocycles (Scheme 1.10).40 
Only cyclic trimer 31 and tetramer 32 were observed by HPLC.  
 
Scheme 1.10 – Oxidative disulfide macrocyclization of flexible dithiol monomer. 
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This is in stark contrast to the olefin and alkyne metathesis results where the cylic trimer and 
tetramer were not observed to any extent. Primarily, this difference is due to reduced angle 
persistence because of the flexible disulfide bonds. Thus, smaller macrocycles are accessible even 
though the angle between sulfides is 120° due to the meta-substitution. Clearly the geometry and 
angle between reactive groups is a good indicator of what products will be favored, but the 
conformation of the monomer as well as the reactive DCC groups must be taken into account. 
 
Figure 1.7 – Rotatable bonds and conformational constraints in two meta-functionalized monomers. 
 
The conformational profile of a monomer can have a large influence on the outcome of 
DCC. It is relatively simple to predict how very rigid and flexible groups impact a product 
distribution from DCC. A rigid monomer that has significant conformational constraints could 
exhibit a narrow distribution of products because of increased ring strain in certain sized 
macrocycles depending on the monomer geometry. However, a monomer that has relaxed 
conformational constraints will better stabilize various ring sizes due to the monomers 
conformational ability to minimize ring strain and bond deformations, thus leading to a broad 
distribution of products. This is exemplified best by comparing two meta-substituted monomers, 
one containing the dynamic alkyne bond and another containing a formaldehyde acetal dynamic 
group41 (Figure 1.7), and the resulting product distributions after DCC. For the rigid and 
conformationally constrained alkyne-based monomer 27, a high yield of the cyclic hexamer was 
obtained after alkyne metathesis due to its rigidity and angle-persistence (Scheme 1.7). A small 
amount of cyclic pentamer is also obtained, but no other macrocycles were isolated.  
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Scheme 1.11 – Acid-catalyzed transacetalation of a dimer into a macrocyclic mixture. 
 
However, acid-catalyzed transacetalation of a cyclophane formaldehyde acetal dimer 33 
resulted in a broad range of macrocycles from cyclic dimer to cyclic pentamer and larger 
oligomers 34 that were observed by 1H NMR (Scheme 1.11).41b This is due to the relaxed 
conformational constraints of the ether chains, which allow many macrocycles to be 
thermodynamically accessible due to minimal ring strain. 
 
Scheme 1.12 – Stereoisomers with relaxed conformational constraints in macrocyclization. 
 
The disparity between product distributions due to large differences in conformational 
constraints is intuitive to understand. However, it becomes challenging to predict the outcome 
with small changes in the monomer’s conformational profile. For example, Sanders and co-
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reversible esterification conditions (Scheme 1.12).29b Each monomer contains an extended 
phenoxy chain to relax the conformational constraints, and differ only in the stereochemistry at 
C(8) and C(9). Esterification of quinine-derived 35 afforded a mixture of macrocycles, cyclic 
dimer 36, cyclic trimer 37, and cyclic tetramer 38 illustrating the relaxed predisposition of the 
monomer (see Section 1.3.4, Scheme 1.16b for more constrained monomer 52 which selectively 
formed cyclic trimer). On the other hand, esterification of quinidine-derived monomer 39 
overwhelmingly provided the cyclic dimer 40 in >85% yield. Despite being isomeric with similar 
conformational constraints, the monomers afforded significantly different product distributions. 
Since the only difference is the stereochemistry, perhaps the symmetry or resulting three-
dimensional shape of the quinidine-derived monomer favors a cyclic dimer structure over other 
oligomers. This result demonstrates that there are other factors beyond conformation and the 
geometric angle that influence a thermodynamic product distribution.  
 
1.3.3 Symmetry 
In most reported macrocyclizations under thermodynamic control, C2-symmetric monomers 
are used with symmetric DCC bonds (disulfide, alkene, and alkyne) as well as AA+BB systems. 
This is due to the ease of monomer synthesis, but more importantly it affords simple product 
mixtures because only one isomer is possible for each macrocycle. This makes the distribution 
simple to analyze and the target macrocycle easy to purify. In contrast, monomers capable of A-
B self-condensation (Figure 1.4b), such as for imine and ester condensation, are inherently non-
C2-symmetric since both reactive groups are on the same monomer. This is not a problem in 
macrocyclization, because only A-B formations are possible and thus highly symmetric 
macrocycles are formed (Scheme 1.13). The major challenge for self-condensation is that 
protecting groups must be used for either the aldehyde or amine, if the chosen DCC bond is an 
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imine, to prevent uncontrolled oligomerization. In these two cases, Hartley and co-workers 
utilized an acetal-based monomer 41 which was deprotected under Lewis acidic conditions to 
form the trimeric macrocycle 42 (Scheme 1.13a).28b Hughes and co-workers developed an 
alternative strategy with a reductive imination method using iron metal in acidic medium to 
synthesize the macrocycle 44 from the corresponding nitro-aldehyde monomer 43 (Scheme 
1.13b).42 The major control element is the starting monomer geometry and the directional nature 
of the imine bond which preorganizes the monomer to favor the cyclic trimers because of the 
60° angle between the reactive groups. 
 
Scheme 1.13 – A-B self-condensation for imine macrocycle synthesis. 
 
On the other hand, if a non-C2-symmetric monomer was prepared displaying the same 
reactive DCC group at each end, then the product distribution could become complex.43 For 
example, the ortho-dialkyne monomers 23 and 45 both afford the cyclic trimer as the major 
product after alkyne metathesis (Scheme 1.14). Monomer 23 has a C2 rotational axis so only one 
cyclic trimer isomer 34 can be formed.32b On the other hand, monomer 45 lacks a C2 rotational 
axis; thus, two isomers, 46 and 47, are formed that only differ in the regiochemistry.43 These two 
trimers were unable to be separated by HPLC, but the identification was possible by 1H NMR. 
The self-assembly of the macrocycles was explored, but the mixture was used in the experiments 
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due to the inability to purify the constitutional isomers and the lack of control during DCC. In 
this work, it would have been advantageous to be able to selectively form both types of isomers 
to explore the effect of regioisomers in the self-assembly process. This example demonstrates 
why most efforts in the field of DCC macrocyclization are limited to C2-symmetric monomers. 
The product distribution can become complicated due to the presence of multiple isomers, and 
the number of isomers increases as macrocycles become larger. 
 
Scheme 1.14 – Alkyne metathesis of a C2 and a non-C2-symmetric monomer. 
 
In addition to monomers lacking C2-symmetry, there can also be chiral monomers with 
defined three-dimensional stereochemical structures. In fact, there have been many efforts in the 
DCC field involving chiral monomers, but most of the work is associated with the generation of 
chiral dynamic combinatorial libraries (cDCL).44 These libraries often consist of chiral 
macrocycles constructed with racemic, chiral monomers. This leads to broad macrocycle 
mixtures of different combinations of R and S monomers, due to the similar reactivity of 
racemic compounds (Scheme 1.15).44 For example, Alvarez and co-workers observed a complex 
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1,2-diaminocyclohexane and 2,6-pyridinedicarboxaldehyde.44b To provide good yields of a 
desired macrocycle with this strategy, CdCl2 was used as a template to amplify a single 
diastereomer 49. While this is an impressive result, template amplification is not a general 
method because each system will require its own template and furthermore it is difficult to 
predict which template will amplify the desired macrocycle.45 There has been little efforts 
focused on understanding what factors influence selective formation a chiral macrocycle from a 
racemic mixture, but this could have potential impacts in the development of asymmetric 
catalysis and other chiral recognition processes. It is expected that the symmetry could have a 
role in the product distributions of potential chiral macrocycles, specifically the effect on the 
thermodynamic parameters could be illustrative. Additionally, the three-dimensional shape may 
be an important design element to consider for the preparation of chiral macrocycles. 
 
Scheme 1.15 – Chiral imine macrocycles and template amplification. 
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The shape of a monomer can have a significant impact on macrocyclization via DCC. It is 
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affected by the elemental composition, atomic connectivity, geometric angle of DCC groups, and 
conformational constraints. The parameter that shape influences most is the geometric angle; for 
example, ortho- and meta-difunctionalized benzene-based monomers, 23 and 27, have the same 
structural composition but different angles and shapes that result in different macrocyclic 
products from alkyne metathesis (Scheme 1.7). However, one can also imagine monomers that 
have the same geometric angle but different shapes because of varying structural connectivity 
(Figure 1.8). In this example, the theoretical monomers have symmetric DCC bonds, alkyne 
groups, which can undergo metathesis to form macrocycles. 
 
Figure 1.8 – Monomers (b) with same geometric angle (60°) but different shapes (a). R = 
benzoylbiphenyl or polymer, see Schemes 1.7 or 1.19. 
 
Based on Section 1.3.1, one would expect the cyclic trimer to be favored due to the 60° angle 
of the monomers in Figure 1.8. However, it is not as easy to predict how different monomer 
shapes influence the product distribution, specifically what shape will favor a narrow over a 
broad distribution. Analysis of these monomer shapes reveals some to be C2-symmetric whereas 
others are non-C2-symmetric; additionally, different combinations of ortho-, meta-, and para-
benzene units are present (Figure 1.8b). These unique connections may result in different 
conformations for each monomer because of bond torsional profiles. All these factors are related 
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to the shape and will expectedly influence the ratio of products to some degree. In addition to 
planar systems, the introduction of groups with relaxed conformational constraints could afford 
non-planar macrocycles or stereochemically-defined, chiral monomers could provide three-
dimensional macrocycles, which will be strongly influenced by the structure and shape of the 
monomer. 
The outcome can become even more complex if two differently shaped monomers are 
mixed under DCC conditions. Sanders and co-workers investigated this using reversible ester 
condensation with two AB monomers of vastly different structures.29a Monomer 50 is a rigid, 
planar xanthene derivative whereas monomer 52 is a rigid, non-planar cinchonidine derivative. 
Self-condensation of the 50 and 52 monomers resulted in almost quantitative formation of the 
xanthene-based cyclic dimer 51 and the cinchonidine-based cyclic trimer 53, respectively 
(Scheme 1.16). It was observed that mixing the two monomers in a 1:1 ratio predominantly 
afforded the two parent macrocycles 51 and 53 (Scheme 1.17). This remarkable outcome was 
attributed to the monomer units being suitably “predisposed” to a certain conformational or 
structural preference. In other words, as the monomer is incorporated into a growing oligomer, 
the macrocycle product becomes more favored. Furthermore, this result highlights the need to 
better understand how the monomer shape can have such a powerful influence over a product 
distribution that could have been complicated but ended up resulting in a narrow distribution. 
Scheme 1.16 – Ester macrocyclization of xanthene-based (a) and cinchonidine-based (b) monomers. 
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Scheme 1.17 – Shape selectivity in DCC. 
 
1.4 Macrocyclization via Alkyne Metathesis 
The ultimate goal of this work is to understand how different properties influence dynamic 
macrocyclization to develop design parameters, which can be used to achieve a narrow 
distribution of macrocycle products. As discussed in this Chapter, a variety of DCC bonds can 
be used for macrocycle synthesis. The work presented in the following Chapters is focused on 
the utilization of the dynamic alkyne bond via alkyne metathesis for the preparation of 
conjugated macrocycles. There are several reasons choosing alkyne metathesis for this study. 
First, there is a strong foundation for the applicability of alkyne metathesis in conjugated 
macrocycle synthesis and an excellent starting point to begin understanding what factors favor 
narrow distributions of products (Scheme 1.7).32 While it is already established how geometry 
affects shape-persistent macrocyclization, other factors such as conformation, symmetry, and 
shape influence the macrocyclic distribution still need to be studied. Second, the alkyne bond 
exhibits useful characteristics to effectively explore the role of varying monomer properties. The 
bond is rigid, linear, and small so it merely extends the shape of a monomer without introducing 
undesired side effects such as increased conformation.46 Thus, systematic changes in monomer 
properties such as conformation and shape can be easily varied due to the “benign” nature of the 
alkyne bond. Because of these reasons, it should be relatively simple to extract how structural 
modifications of the monomer influence macrocyclization since the alkyne does not have a 
strong impact on the structural properties of the monomer other than extending the conjugation. 
Third, conjugated macrocycles containing alkyne bonds (AEMs) are an attractive class of organic 
materials due to their known ability to self-assemble via supramolecular interactions to form 
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various organic materials such as 1D nanofibers, nanoporous solids, and 3D inclusion 
complexes.2d,3c-d,4a-b,7b,13-16,32a-b 
 
1.4.1 Development and Applications of Alkyne Metathesis 
As mentioned in Section 1.3.1, alkyne metathesis has emerged in the last decade as an 
efficient method for macrocycle synthesis, polymerizations, and total synthesis of macrolide 
natural products.32 In the 1980’s, Schrock and co-workers originally developed well-defined 
tungsten 54 as well as molybdenum alkylidynes that were successful in metathesis of alkynes but 
highly air sensitive and difficult to prepare. It was not until the late 1990’s and early 2000’s that 
more user-friendly catalyst systems were developed (Figure 1.9).48 Specifically building upon the 
work of Cummins and Fürstner,48c,49 the Moore group developed a reductive synthetic strategy to 
access well-defined tris(amido)molybdenum (VI) propylidyne complex 55.50 Mixing this complex 
with a sterically encumbered or electron-deficient alcohol generates a catalytically active species 
with high activity at room temperature. Further work has been focused on preparing air-stable 
pre-catalyst complexes (56) or modulating the ligand environment (57-58) to extend the catalyst 
lifetime and increase reactivity.32d,51 
 
Figure 1.9 – Alkyne metathesis catalysts and pre-catalysts. 
 
Using highly active alkyne metathesis catalyst 54, the Moore group demonstrated its 
applicability in the preparation of shape-persistent AEMs (24, 26, and 28) and conjugated 
polymers.32a-b,35b  In the macrocyclization examples (Scheme 1.7), the corresponding geometric 
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angle dictates the major product due to the shape- and angle-persistence of the benzenoid-based 
monomers. Building upon this, the Zhang group has demonstrated the robustness and 
applicability of alkyne metathesis in the preparation of functional organic cages 60 and polymers 
62 and 64 (Schemes 1.18 and 1.19).2e,52 In the cage synthesis, the tetrayne monomer 59 undergoes 
dimerization via “precipitation-driven” alkyne metathesis to yielded the porphyrin cage 60 in 
56% yield.2e In Scheme 1.19, the dipropynyl monomer 61 (180°) provided the highly conjugated 
polymer 62,52a and a tripropynyl monomer 63 was subjected to alkyne metathesis to afford a 
cross-linked polymer network 64.52b 
 
Scheme 1.18 – 3D porphyrin cage synthesis via alkyne metathesis. R = benzoylbiphenyl, R’ = C16H33. 
 
In all cases the alkyne end group must be efficiently removed to favor formation of 
macrocycles or polymers. As depicted in Scheme 1.7 (Section 1.3.1), the Moore group originally 
developed a “precipitation-driven” strategy where the partially soluble benzoylbiphenyl end 
groups react to form an insoluble bis(benzoylbiphenyl)acetylene (R-C≡C-R, Scheme 1.7) that 
forces the distribution towards products containing only the monomers and no end groups, 
leading to high yields of macrocycle products.32a A disadvantage of this approach is the 
requirement of functionalized alkyne monomers containing the benzoylbiphenyl end group, 
which can hamper monomer purification and even macrocyclization if the material is not very 
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soluble.13e It is also possible to use methyl or ethyl end capped alkynes, however the 2-butyne or 
3-hexyne that is formed during metathesis must be efficiently removed via vacuum or it can lead 
to catalyst deactivation. Alternatively, it has been demonstrated that activated molecular sieves 
can be used to adsorb the produced 2-butyne (Scheme 1.19).13d-e,51 
 
Scheme 1.19 – Conjugated polymer synthesis via alkyne metathesis. R = 4-tBu-Ph, C11H23. 
 
Recently, an alternative strategy was developed that utilizes a simple poly(arylene-ethynylene) 
as the starting material for metathesis, which minimizes the number of alkyne end groups to only 
those at the end of the polymer chain (Scheme 1.20).32c Subjection of an arylene-ethynylene 
polymer to alkyne metathesis results in entropy-driven depolymerization to smaller 
macrocycles.53 Strikingly, the yield after depolymerization of the carbazole-ethynylene polymer 65 
to the cyclic tetramer 26 is comparable to the precipitation-driven strategy (Scheme 1.7). The use 
of simple diiodo and diethynyl monomers greatly expands the flexibility and utility of alkyne 
metathesis due to the ease of polymer synthesis and purification compared with the ‘specialized’ 
benzoylbiphenyl-functionalized monomers previously required.54 The only requirement is that 
the resulting polymers be soluble in the reaction medium, non-polar solvents such as carbon 
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tetrachloride, chloroform, 1,2,4-trichlorobenzene, and toluene, for alkyne metathesis. With this 
depolymerization strategy, a variety of polymers with controlled changes in structure, geometry, 
and conformation can be readily prepared and subjected to alkyne metathesis to explore how 
different factors influence dynamic macrocyclization. 
 
Scheme 1.20 – Carbazole macrocycle synthesis via alkyne metathesis-mediated depolymerization. 
 
1.4.2 Depolymerization Method to Explore Different Effects on Macrocycle Synthesis  
As described in the previous Section 1.4.1, there are two potential strategies for using alkyne 
metathesis in macrocycle synthesis. One involves the “precipitation-driven” strategy as depicted 
in Scheme 1.7, and the other is depolymerization of polymers containing alkyne bonds (Scheme 
1.20). If the goal is to systematically explore how small changes in monomer structure impact the 
distribution of products, then it is advantageous to utilize a strategy where monomer synthesis is 
not a limiting step. Polymer synthesis and purification is easy and straightforward, unlike the 
“precipitation-driven” monomers. Either an iodo-ethynyl monomer or diiodo/diethynyl 
monomers can be used for polymerization via palladium-catalyzed Sonogashira coupling (Figure 
1.10a).55 Because of the modular nature, diiodo and diethynyl monomers can easily be swapped 
to quickly access a library of polymers with systematic structural modifications (Figure 1.10a). 
Additionally, polycondensation of tolane-based monomers via other known polymerization 
methods is an alternative approach (Figure 1.10b).56 To translate these strategies to the 
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“precipitation-driven” strategy would be cumbersome due to the unpredictable nature of the 
monomer’s solubility and the poor atom economy of the large benzoylbiphenyl end group. The 
flexibility, simplicity, and modularity of the depolymerization strategy will facilitate the 
exploration of how different structural parameters influence macrocyclization via alkyne 
metathesis. 
 
Figure 1.10 – Flexibility and modularity in polymer synthesis.  
Ar = aromatic unit. X, Y = functional groups capable of polymerization (i.e. OH, CO2H). 
 
1.5 Design Principles for Dynamic Synthesis of Conjugated Macrocycles 
As highlighted throughout this Chapter, the dynamic covalent approach for synthesis of 
conjugated macrocycles is fairly predictive for conformationally constrained and C2-symmetric 
monomers. However, when the structure of the monomer deviates from these parameters, it 
becomes difficult to predict the major product and what factors favor a narrow distribution over 
a broad distribution of products. To better understand the structural parameters that favor 
efficient macrocyclization via DCC, the following Chapters involve the synthesis of structurally 
unique polymers containing diarylacetylene monomer units that undergo alkyne metathesis-
mediated depolymerization. Monomer structures were rationally designed to probe the influence 
of various factors on the macrocyclic product distribution. Specifically, the effects of three 
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structural properties on the distribution of macrocycles from alkyne metathesis were 
investigated: shape (Chapter 2), conformation (Chapter 3), and symmetry (Chapter 4). 
Collectively, the results obtained from these systematic investigations help to establish a set of 
guidelines and design principles to further facilitate the rational synthesis of novel macrocycles. 
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Chapter 2 
Directional Cyclooligomers via Alkyne Metathesis* 
 
2.1 Introduction   
Non-covalent and covalent self-assembly1 is a powerful tool for the construction of 
macromolecular architectures from simple building blocks. There is a large library of synthetic 
tools available, such as metal-ligand bonding,1c,1f,2 hydrogen bonding,3 and dynamic covalent 
chemistry (DCC),1d-e,4 for the preparation of many types of architectures such as supramolecular 
metallacycles,1e,2a-b,d hydrogen-bonded capsules,3a,5 functional receptors,1d,4a,6 conjugated 
cyclooligomers,4b,7 and shape-persistent organic cages8. These tools can be sorted by different 
properties such as bond type, bond strength, bond formation kinetics (catalyzed versus un-
catalyzed), and bond directionality. The type of bond is an important property as it typically 
dictates what classes of macromolecular architectures one could access, as well as how one will 
synthesize those structures. Additionally, the polarity or directionality of the bond is critical 
because it often influences the building block design. Metal-ligand bonds, hydrogen bonds, and 
some classes of covalent bonds are directional in the sense that there is inherent dissymmetry or 
polarity of the bond (Figure 2.1a). Furthermore, there exist some covalent bonds lacking 
symmetry that are non-directional with respect to the bond polarity, such as disulfides and 
alkynes (Figure 2.1b). The concept of bond directionality has been heavily utilized in the efficient 
preparation of supramolecular complexes via metal-ligand bond and hydrogen bond 
formation.3,5,9 There have also been some examples utilizing the directional nature of reversible 
imine and ester bonds to prepare directional cyclooligomers.10 Due to the bond directionality, it !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!
* Portions of this Chapter are adapted from: Sisco, S. W.; Moore, J. S. J. Am. Chem. Soc. 2012, 134, 9114. 
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is quite intuitive to design different macromolecular architectures through rational synthesis of 
building blocks that are encoded with the proper geometric size and shape.  
 
Figure 2.1 – Examples of directional (a) and non-directional bonds (b). 
 
It is also possible to install directionality into a monomer capable of non-directional bond 
formation to investigate directional macrocycle synthesis, rather than using a directional bond 
(Figure 2.2).9b-f,10 However, this results in a non-C2-symmetric building block that can lead to 
complicated product mixtures due to potential formation of “head-tail”, “head-head”, and “tail-
tail” connections (Figure 2.2a). If a directional covalent bond or hydrogen bond is used then the 
directionality of the non-C2-building block could be maintained in the macromolecule since the 
bond formation is also directional (Figure 2.2b).10 This will only work if the building block is 
constructed to only form “head-tail” connections. In other words, it is functionalized with 
complementary groups (amine and aldehyde, hydrogen bond acceptor and donator, etc.) at each 
end as depicted in Figure 2.2b.  
 
Figure 2.2 – C2- and non-C2-symmetric building blocks in self-assembly. 
 
If the non-C2-symmetric building block uses non-directional bonds or metal-ligand bonds, 
then there has to be an inherent property of the building block to favor formation of “head-tail” 
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connections to provide a narrow distribution of products. Achieving efficient synthesis of 
directional macrocycles would be advantageous due to their unique structures that could initiate 
directional self-assembly into functional nanomaterials for transport, sensing, or other 
applications.11  
There have been many examples of dynamic macrocycle synthesis via non-directional bonds 
such as the disulfide12, formaldehyde acetal13, and alkyne groups14. Disulfide bond formation has 
primarily been used in the preparation of dynamic combinatorial libraries, often requiring 
template amplification to achieve good yields of a single macrocycle.15 On the other hand, the 
use of formaldehyde acetal and alkyne metathesis has been limited to C2-symmetric building 
blocks to simplify the potential products (Figure 2.2c). Despite this limitation, many macrocycles 
have been prepared in high yields and studied for various properties such as analyte binding,13 
columnar self-assembly,12d,16 nanoporosity,17 and the detection of explosives18. Shape-persistent 
arylene-ethynylene macrocycles (AEMs) have only been synthesized using C2-symmetric, rigid, 
and angle-persistent building blocks via alkyne metathesis.14 The major product can be easily 
predicted through simple geometric considerations (angle between alkynes) and the minimization 
of macrocyclic ring strain.7b Additionally, the C2-symmetry results in one “unique” alkyne 
connection which affords only one constitutional isomer for each sized macrocycle. This makes 
the product formation and purification rather straightforward. However, once the building block 
is no longer C2-symmetric, there are more than one “unique” alkyne connections. Thereby, 
multiple constitutional isomers become possible for each sized macrocycle. The major challenge 
to overcome, when using non-C2-symmetric building blocks, is to achieve selective reactivity of 
one “unique” alkyne connection (“head-tail”) to favor formation of directionally uniform 
macrocycles via alkyne metathesis. The non-directional bond connectivity of the alkyne and 
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mechanism of alkyne metathesis should lead to a statistical outcome of all “unique” alkyne 
connections, and so the building block structure or shape will have an important role.  
Dynamic covalent chemistry (DCC) is concerned with rapid, reversible reactions under 
thermodynamic control yielding product distributions that are determined by the differences in 
free energy of the possible structures.1d To realize high yields of a single macrocyclic product, 
competing structures must possess distinct differences in molecular geometry or conformation 
thereby shaping the energy landscape7b from flat to funneled. To reiterate, when building blocks 
with directionality are involved in DCC, achieving such narrow landscapes is especially 
challenging since “head-tail”, “head-head”, and “tail-tail” connections are possible. This Chapter 
will describe the depolymerization of polymers containing directional ester groups via metathesis 
of the non-directional alkyne bonds in order to understand how to achieve selective 
macrocyclizations with non-C2-symmetric building blocks (Figure 2.3). 
 
Figure 2.3 – Depolymerization of a polymer containing directional ester bonds via metathesis of the 
non-directional alkyne bond. 
 
2.2 Polymer Design and Macrocycle Synthesis 
The reactivity of two constitutionally isomeric systems under alkyne metathesis conditions 
was explored to understand how shape and geometry affect the thermodynamically controlled 
product distribution of directional macrocycles. It was described in Chapter 1 how a highly active 
molybdenum (VI) propylidyne catalyst14a and the reversibility of alkyne metathesis enable the 
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synthesis of AEMs under thermodynamic control7b. In this Chapter, the depolymerization 
strategy is used due to its simplicity and minimization of end groups.19 Previously, only 
palladium-catalyzed Sonogashira cross-coupling20 has been used to prepare poly(arylene-
ethynylene)s for alkyne metathesis-mediated depolymerization, which can result in the presence 
of residual terminal alkynes in the final polymer. It is known that terminal alkynes can inhibit the 
molybdenum catalyst,21 so it would be advantageous to synthesize the polymer using a bond 
other than the alkyne. 
 
2.2.1 Monomer Design 
An ester linker was initially chosen for investigation based on established polyesterification 
methods for the synthesis of high molecular weight polymer to take advantage of the 
depolymerization strategy, and to also make the building block non-C2-symmetric due to its 
directionality. The most important consideration was the design of the building blocks’ structure. 
Two building blocks were chosen having the same 60° angle between alkynes to favor formation 
of the cyclic trimer but displaying different shapes due to the substituents on the phenyl rings. 
The ester linker is meta substituted to both alkynes for the MM building block; whereas for the 
OP building block, the ester linker is ortho substituted to one alkyne and para substituted to the 
other alkyne (Figure 2.4). Comparison of the three possible alkyne connections reveals the MM 
monomer to display a congruent shape, in which the “head-tail” connections overlaps almost 
exactly with the “head-head”/“tail-tail” connections (Figure 2.4a). On the other hand, the OP 
monomer displays an incongruent shape, where the “head-tail” connections does not overlap 
with the “head-head”/“tail-tail” connections (Figure 2.4b). It is expected that this shape 
difference will have an impact on macrocycle formation, specifically with directional 
cyclooligomerization. Both systems are comprised of non-C2-symmetric monomers, such that 
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products after metathesis can consist of multiple constitutional isomers due to these different 
connections. A greater understanding of the impact that shape has on DCC with non-C2-
symmetric building blocks will help provide access to complex and unique macromolecular 
architectures. 
 
Figure 2.4 – Differences between monomer shape. 
 
2.2.2 Synthesis of MM-P Polymer 
To investigate the importance of the building block shape, the corresponding polyesters were 
prepared via self-condensation of phenol and carboxylic acid functionalized tolane monomers 
MM1 and OP1. This route was chosen because it is more efficient than synthesis and 
copolymerization of diol and diacid functionalized tolane monomers. The monomer MM1 was 
prepared in seven steps from commercially available 5-iodosalicylic acid 1 in an overall yield of 
36% (Scheme 2.1). First, acid catalyzed esterification of 1 with methanol followed by 
etherification with 1-bromotetradecane afforded aryl iodide 3. A tetradecyloxy chain was 
incorporated into the monomer to increase solubility of the polyester to enable formation of 
high molecular weight (MW) polymer. Next, Sonogashira coupling of 3 with 
(trimethylsilyl)acetylene followed by a TBAF deprotection yielded the terminal alkyne 5. Another 
Sonogashira coupling of 5 with 3-iodophenol provided the methyl ester protected monomer 6. 
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Hydrolysis of the methyl ester 6 was achieved with aqueous KOH in refluxing THF to afford 
monomer MM1. Polymerization with diisopropylcarbodiimide (DIC) and diaminopyridinium p-
toluenesulfonate (DPTS) in methylene chloride yielded polymer MM-P after precipitation into 
methanol.22 Initial yield for polymerization was 86%, but there was significant amount of lower 
MW oligomers. While this material can be directly used in alkyne metathesis-mediated 
depolymerization, higher MW material will have less end groups that will closer reflect the true 
thermodynamic equilibrium after metathesis. Thus, it was necessary to obtain high MW fractions 
of both polymer systems for metathesis to accurately compare and understand what influences 
the thermodynamic energy landscape. In this vein, preparative gel-permeation chromatography 
(GPC) was used to remove low MW oligomers, which significantly lowered the yield of the 
MM-P polymer but provided high MW material for metathesis. This polyester exhibited good 
solubility in common organic solvents, a moderate number average molecular weight (Mn) of 18 
kDa, corresponding to a degree of polymerization of 40, and a polydispersity index (PDI) = 1.9 
(Figure 2.5 – purple trace). 
 
Scheme 2.1 – Synthesis of MM-P polymer. 
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2.2.3 Synthesis of OP-P Polymer 
Polymer OP-P was synthesized in a similar fashion to MM-P, but starting from methyl 4-
iodosalicylate 7 (Scheme 2.2). The OP-1 monomer contains the hydroxyl group ortho to the 
alkyne, whereas the carboxylic acid is para to the alkyne. This monomer was synthesized in five 
steps, as shown in Scheme 2.2, with an overall yield of 56%. Etherification of methyl 4-
iodosalicylate 7 with 1-bromotetradecane afforded aryl iodide 8. Next, Sonogashira coupling of 8 
with (trimethylsilyl)acetylene followed by a TBAF deprotection yielded the terminal alkyne 10. At 
this point, it was discovered that Sonogashira coupling of 10 with 2-iodophenol provided the 
desired product but also significant formation of a benzofuran byproduct. To overcome this 
unwanted reactivity, the coupling partner 2-iodophenol was simply protected as the tert-
butylsilylether. After Sonogashira coupling, final deprotection of both the methyl ester and tert-
butylsilylether groups in 11 was achieved with potassium trimethylsilanoate (KOSiMe3) to yield 
the OP-1 monomer in good yield.  
 
Scheme 2.2 – Synthesis of OP-P polymer. 
 
Interestingly, polymerization with DIC and DPTS did not proceed as well as the MM-1 
monomer. Low MW cyclic and linear oligomers appeared to be the major component of the 
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polymer, but a high MW fraction OP-P was isolated by preparative GPC. Even though the yield 
was low, the isolated fraction displayed a Mn = 9.6 kDa, corresponding to a degree of 
polymerization of 22, and a PDI = 1.3 (Figure 2.6 – purple trace). The low yield of high MW 
polymer during polyesterification is presumably due to the geometry of the monomer favoring 
intramolecular cyclooligomerization over intermolecular oligomerization. Regardless of the low 
yield, the isolation of high MW polymer is important to investigate the depolymerization in order 
to compare and contrast the impact that the shape has on macrocycle synthesis.  
 
2.2.4 Depolymerization and Macrocycle Synthesis 
After synthesis and purification of the polymers MM-P and OP-P, the next step was to 
investigate their behavior under alkyne metathesis to explore how the differing shapes affect 
directional macrocyclization. Specifically, polymer MM-P was subjected to alkyne metathesis 
using the highly active tris(amido)molybdenum (VI) propylidyne complex (EtC≡Mo[NAr(tBu)]3) 
with triphenylsilanol as the ligand in 1,2,4-trichlorobenzene (Scheme 2.3).23  
 
Scheme 2.3 – MM-P depolymerization and macrocycle synthesis. Ar = 3,5-dimethylphenyl. 
 
After 48 hours at room temperature, the solvent was removed in vacuo and the reaction was 
analyzed by GPC (Figure 2.5 – blue trace). The trace displayed the disappearance of high MW 
material and a significant increase in lower MW oligomers, when compared with the GPC trace 
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of the starting polymer. Analysis of the crude product mixture by matrix-assisted laser 
desorption/ionization mass spectrometry (MALDI-MS) revealed macrocycles from cyclic trimer 
to octamer. The crude depolymerization product was purified by silica gel chromatography 
followed by preparative GPC to obtain MM-[3]mer in 17% yield. A mixture of inseparable 
larger cyclic species MM-[x]mer (x > 3) was isolated in 60% yield. 
 
Figure 2.5 – GPC traces of MM-P (purple), crude depolymerization (blue), MM-[x]mer (green), and 
MM-[3]mer (red). 
 
In great contrast to the depolymerization of MM-P, a completely different result was 
observed for the depolymerization of OP-P. After subjecting polyester OP-P to identical 
metathesis conditions (Scheme 2.4), analysis of the crude product by GPC displayed a greater 
shift towards low MW material (Figure 2.6 – blue trace). In fact, only cyclic trimer and tetramer 
(OP-[3]mer and OP-[4]mer, respectively) were observed by MALDI-MS. A mixture of OP-
[3]/[4]mer (along with residual triphenylsilanol) was isolated after silica gel chromatography. 
Further purification by preparative GPC allowed the isolation of the macrocycles in a combined 
yield of 54%. A small amount of each macrocycle was separated from each other and fully 
characterized to identify the macrocycle peaks by 1H NMR. This enabled the determination of 
the ratio of OP-[3]mer to OP-[4]mer to be 2.4:1 resulting in a yield of 35% and 19% for each 
macrocycle, respectively. 
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Scheme 2.4 – OP-P depolymerization and macrocycle synthesis. Ar = 3,5-dimethylphenyl. a Yield 
determined by 1H NMR. 
 
Figure 2.6 – GPC traces of OP-P (purple), crude depolymerization (blue), OP-[4]mer (green), and OP-
[3]mer (red). 
 
2.3 Effect of Shape on Product Distribution 
Since alkyne metathesis is a dynamic and reversible reaction, the ratio of products is related 
to the difference in stabilities (ΔG). Specifically in macrocyclization under thermodynamic 
control, both enthalpy and entropy have a significant role to play. Enthalpy favors macrocycles 
with lowest ring strain, whereas entropy favors formation of the smallest macrocycle to 
maximize the number of species in solution. With this knowledge one can expect the cyclic 
trimer to be the major product for both MM-P and OP-P depolymerizations because it is the 
smallest macrocycle that can be constructed with minimal ring strain. The flexible ester group in 
the building block reduces the ring strain in larger macrocycles, resulting in the observed broad 
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product distribution after depolymerization of MM-P (Figure 2.5 – blue trace). Interestingly, the 
OP system has a more narrow product distribution as observed by GPC and MALDI-MS 
(Figure 2.6 – blue trace), despite the OP-P polymer also containing flexible ester groups. Thus, 
the monomer shape must have an important role since the building blocks’ structure (meta, meta 
versus ortho, para substitution) is the primary difference between the two systems. The hypothesis 
was that the congruency and incongruency (Section 2.2.1, Figure 2.4) of the MM and OP 
building blocks, respectively, could influence the product distribution and selectivity of the 
different alkyne connections during metathesis. As mentioned before, there can be different 
macrocyclic isomers due to the non-C2-symmetry. Thus, it was necessary to determine what 
types of isomers were formed during metathesis and the corresponding product ratios.  
Due to the directional nature of the ester linker and non-C2-symmetry of the MM and OP 
building blocks, there are three “unique” alkyne connections possible from metathesis (Figure 
2.7). This results in multiple constitutional isomers that could be formed for each sized 
macrocycle. In fact, there are n - 1 constitutional isomers for each odd cyclic [n]mer and m 
constitutional isomers for each even cyclic [m]mer. For example, the MM-[3]mer has two 
possible constitutional isomers, the MM-[4]mer has four possible isomers, the MM-[5]mer has 
four possible isomers, and so forth. This holds true for the OP macrocycles as well. 
 
Figure 2.7 – Three alkyne connections due to non-C2-symmetry. R1, R2 = oligomer. 
 
2.3.1 Isomer Analysis of MM Macrocycles 
The two constitutional isomers of MM-[3]mer are shown in Figure 2.8. The MM-A3 isomer 
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one “unique” alkyne connection (only “head-tail” connections). On the other hand, the non-
directional MM-A2B isomer displays both ester and building block orientations resulting in all 
three “unique” alkyne connections (“head-tail”, “head-head”, and “tail-tail” connections). 
Further analysis of the MM-[3]mer predicts a 1:3 statistical mixture of MM-A3 to MM-A2B, 
assuming no energy difference between the two. This statistical outcome was determined by 
building the two cyclic trimers from three possible linear dimer precursors (Figure 2.9).  
 
Figure 2.8 – MM-[3]mer constitutional isomers (with labeled aromatic protons). 
 
Figure 2.9 – Three MM linear dimer precursors. R = oligomer. 
 
The directional MM-A3 isomer can only be prepared from one linear dimer precursor 
containing the “head-tail” connection. As for the non-directional MM-A2B isomer, it can be 
synthesized from all three dimer precursors. Thus, if all dimer precursors are equal in energy, 
then a statistical 1:3 mixture of MM-A3 to MM-A2B should be attained after metathesis. 
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Therefore it becomes pertinent to establish the ratio to understand how the congruent shape and 
non-C2-symmetry affect macrocycle formation. 
 
2.3.2 1H NMR Analysis of MM Macrocycles 
The 1H NMR spectrum of the isolated MM-[3]mer after metathesis displayed many peaks in 
the aromatic proton region in C6D6 (Figure 2.10 – red trace). This could be due to the presence 
of different isomers. Due to the complexity of the 1H NMR, it was difficult to assign the protons 
for each isomer. As it was mentioned in the previous Section 2.3.1, it was incredibly important to 
determine the ratio for understanding the impact that shape has on the macrocycle equilibrium 
and distribution after alkyne metathesis.  
 
2.3.2.1 Synthesis of Pure MM-A3 Directional Isomer 
In order to determine the ratio of the two isomers, pure MM-A3 was synthesized by 
kinetically controlled oligomerization of monomer MM1 (Scheme 2.5). Careful purification by 
preparative GPC yielded the directionally uniform MM-A3 isomer in a very low yield. However, 
this was enough for analytical characterization and to help identify the corresponding peaks in 
the 1H NMR spectra of the MM-[3]mer mixture (Figure 2.10 – black trace). 
 
Scheme 2.5 – Synthesis of pure MM-A3. 
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2.3.2.2 Determination of MM Isomer Ratio 
The MM-A3 isomer has a C3 rotation axis so there are 7 unique aromatic protons (Figure 2.8, 
protons a – g). In contrast, MM-A2B has 21 unique aromatic protons (Figure 2.8, protons a’ – 
g’, a’’ – c’’, a’’’ – c’’’, d’’ – g’’, and d’’’ – g’’’) due to the reduction in symmetry. A 1:3 statistical 
mixture of MM-A3 to MM-A2B will possess a 1:1:1:1 ratio of protons x/x’/x’’/x’’’ (x = a – g). 
Comparison of the 1H NMR spectra of the isolated isomeric mixture after metathesis and pure 
MM-A3 isomer (Figure 2.10) isolated after polyesterification (along with COSY analysis: Section 
2.5.4, Figure 2.16) allowed unambiguous assignment of most peaks (Section 2.5.4, Figure 2.15). 
More specifically, protons g and g’ display the same integrated intensity (Figure 2.10, inset) 
consistent with the 1:3 statistical mixture of MM-A3 to MM-A2B. Thereby establishing that 
there is no thermodynamic preference between the two isomers. All three alkyne connections are 
energetically equivalent during metathesis. This leads to a complicated mixture of macrocycles 
due to the monomer’s non-C2-symmetry. 
 
Figure 2.10 – 1H NMR of MM-[3]mer mixture (red) and pure MM-A3 (black) in C6D6. 
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2.3.3 1H NMR Analysis of OP Macrocycles 
Since the MM and OP systems are isomeric, there is also the possibility that the isolated OP 
macrocycles are mixtures as well (Figure 2.11). Interestingly, only the directionally uniform 
isomers were observed in the 1H NMR spectrum for both OP-[3]mer and OP-[4]mer (Section 
2.5.5, Figure 2.17). Only seven aromatic protons are observed for each macrocycle. This is 
remarkable, especially for the tetramer, since there are four possible constitutional isomers due to 
the non-C2-symmetry. 
 
Figure 2.11 – OP-[3]mer constitutional isomers. 
 
 
Figure 2.12 – Three OP linear dimer precursors. R = oligomer. 
 
Similarly to the MM system, only the “head-tail” connected dimer can lead to the directional 
OP-A3. As for the non-directional OP-A2B, it can be synthesized from all three dimer 
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of OP-A3 to OP-A2B should be attained after metathesis. However, macrocycles containing only 
directional “head-tail” connections were observed after metathesis by 1H NMR. 
 
2.3.4 Ring Opening Metathesis of Macrocycles 
For both systems, it is important to establish that the thermodynamic equilibrium has been 
reached with alkyne metathesis. In other words, verifying that the observed macrocycles after 
depolymerization are the thermodynamic products. A comparison of different pathways that lead 
to similar macrocyclic product distributions will provide evidence to the establishment of 
equilibrium. If the same outcome is obtained from metathesis, beginning at two different starting 
points, then a thermodynamic equilibrium has been reached. Pure MM-A3 isomer was subjected 
to alkyne metathesis (Scheme 2.6), and analysis of the crude material after 48 hours by GPC 
displayed that the cyclic trimer opened and reacted with other oligomers to form higher MW 
oligomers (Figure 2.13). Analysis by MALDI-MS revealed a range of oligomers from cyclic 
trimer to heptamer was formed via metathesis. Additionally, both MM-[3]mer isomers were 
observed by 1H NMR. These results indicate the MM system is dynamic and that equilibrium 
has been reached since both the depolymerization and ring opening led to similar product 
distributions. 
 
Scheme 2.6 – Ring opening metathesis of MM-A3. Ar = 3,5-dimethylphenyl. a Determined by 1H NMR. 
b Determined by MALDI-MS. 
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Figure 2.13 – GPC traces of pure MM-A3 (red), ring opened material (green), and depolymerization of 
MM-P (blue). 
  
Scheme 2.7 – Ring opening metathesis of OP-[4]mer. Ar = 3,5-dimethylphenyl. a Ratio determined by 
1H NMR. 
 
If the OP system is dynamic then a mixture of OP-[3]/[4]mer should be observed after 
subjection of one of the pure macrocycles to metathesis. As described in Section 2.2.4, 
preparative GPC can be used to separate the two macrocycles, however only the OP-[4]mer 
could be isolated in quantities large enough for a ring opening experiment. The macrocycle was 
subjected to alkyne metathesis (Scheme 2.7), and a mixture of cyclic trimer and tetramer (1:2.7) 
was observed by 1H NMR. Therefore, this result indicates that the OP system is dynamic since 
metathesis of the OP-P polymer or pure OP-[4]mer led to a similar distribution of macrocycles. 
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2.3.5 Monomer Shape Comparison 
The two polymers, MM-P/OP-P, contain constitutionally isomeric monomer units; yet the 
product distribution is drastically different after metathesis. This can be explained by examining 
how the shape and geometry of the MM- and OP-monomer units affect the macrocyclization 
energy landscape. Both MM- and OP-monomer units have the same 60° angle between alkynes 
(Figure 2.14), which expectedly favors formation of the [3]mer. However, the two monomers 
have different shapes due to the substituents on the phenyl rings. As mentioned previously, 
comparison of the pair of directionally reversed monomers shows the MM-monomer to display 
a congruent shape, whereas the OP-monomer displays an incongruent shape. 
 
Figure 2.14 – Structural comparison of directionally reversed monomers (tetradecyl chains removed for 
clarity). R, R’ = oligomer. 
 
Due to the congruency of the MM-monomer there is no significant thermodynamic 
preference for one alkyne connection over the other. Therefore a statistical ratio was observed 
for the MM-[3]mer isomers. All three possible diarylacetylenes formed during alkyne metathesis 
(Figure 2.9) lead to macrocycles of similar energy since they contain the same substitution 
pattern (meta, meta). The directionality of the MM-P polymer is scrambled during alkyne 
metathesis. There is no predisposition for any of the possible connections, which accounts for 
the observed statistical mixture of the MM-[3]mer isomers after depolymerization. 
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In contrast, the incongruency of the OP system predisposes10a,b the product distribution to 
the directional macrocycles during equilibration. Hence only the directionally related ortho, para-
diarylacetylene (“head-tail” connection) leads to isolated product, whereas the other possible 
diarylacetylenes, ortho-ortho (“tail-tail” connection) and para-para (“head-head” connection), lead to 
higher energy macrocycles due to greater strain (Figures 2.11 and 2.12). This reactivity is 
surprising since the OP system is isostructural and has similar degrees of freedom relative to the 
MM system. Unlike the MM system, the three possible connections for the OP system have 
different shapes and only the directional ortho, para shape yields thermodynamically accessible 
macrocycles. The primary difference is the incongruent shape of the OP monomer, which must 
be causing the stronger predisposition for directional cyclooligomers.  
 
2.4 Conclusions 
Directionally uniform macrocycles have been synthesized via alkyne metathesis mediated 
depolymerization-macrocyclization of an arylene-ethynylene polyester. Designing a monomer 
that yields a sharp, funneled cyclooligomerization landscape is of paramount importance for the 
synthesis of meaningful quantities of arylene-ethynylene macrocyclic architectures via alkyne 
metathesis. In order to accomplish this task, it is important to establish a general set of design 
rules for alkyne metathesis mediated macrocyclization. The profound influence of the building 
block shape on the two systems’ (MM/OP) reactivity highlights the need to better understand 
how different shape, geometries, and conformation affect the macrocyclization energy landscape. 
The results of this work exemplify the notion that an appropriately designed monomer unit 
can display a greater tendency to form a narrow macrocyclic product distribution. The 
observations of a strong predisposition in the OP system and greater promiscuity in the MM 
system provide an initial foundation in understanding the directional cyclooligomerization 
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landscape. All three possible connections in the MM system lead to thermodynamic accessible 
macrocyclic products whereas only one connection in the OP system leads to thermodynamic 
accessible macrocyclic products under depolymerization-macrocyclization conditions. Alkyne 
metathesis-mediated macrocyclizations of less shape-persistent systems expectedly have a more 
dispersed cyclooligomerization landscape relative to more rigid systems. It was discovered that 
this broad distribution could be overcome by the design of an incongruent monomer shape that 
funneled the macrocyclization towards one pathway due to the dynamic and self-corrective 
nature of alkyne metathesis. Additionally, this work establishes a promising pathway to achieve 
directional macrocycle synthesis via non-directional bond formation. This concept of 
incongruency can be applied in the self-assembly of other macromolecular architectures, not 
limited to alkyne metathesis and DCC, to access new organic materials that have been previously 
difficult to access. Potential applications could include chiral monolayer formation, functional 
supramolecular cages, and directional assembly of nanoporous or one-dimensional fibers.  
 
2.5 Experimental Section 
 
2.5.1 General Information 
All air or moisture-sensitive manipulations were performed under an atmosphere of nitrogen 
using standard Schlenk techniques or in an argon-filled glove box. Analytical thin-layer 
chromatography (TLC) was performed on Kieselgel F-254 precoated silica gel plates. 
Visualization was performed with UV light (254 nm). Flash chromatography was performed 
using 60 Å silica gel from Silicycle, Inc. Preparative GPC was performed using BioBeads S-X1 or 
S-X3 Gel Permeation Gel 200-400 mesh from Bio-Rad Laboratories, Inc. All metathesis 
reactions were prepared in an argon-filled glove box and run under an inert atmosphere; the 
reaction vessels were 20 mL I-CHEM vials fitted with PTFE/Silicone septa purchased from 
VWR International. All glassware was oven-dried prior to use. 
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Unless otherwise stated, all starting materials and reagents were purchased from Sigma-
Aldrich and used without further purification. 2-Hydroxy-5-iodobenzoic acid (97%) was 
purchased from Alfa Aesar. Trimethylsilylacetylene was purchased from GFS Chemicals, Inc. 
Palladium tetrakis(triphenylphosphine) and bis(triphenylphosphine)palladium(II) dichloride was 
purchased from Strem Chemicals, Inc. The following compounds were prepared according to 
literature procedures: tris[N-(tert-butyl)(3,5-dimethylphenyl)amido]molybdenum(VI) propylidyne 
(EtC≡Mo[NAr(tBu)]3),
24 dimethylaminopyridinium para-toluenesulfonate (DPTS),22 and 2-tert-
butyldimethylsilyloxy-iodobenzene25. Tetrahydrofuran (THF) was obtained from a Solvent 
Delivery System (SDS) equipped with activated neutral alumna columns under argon. 
Dichloromethane (DCM) was dried over 3Å MS and stored under nitrogen. 
1H and 13C NMR spectra were obtained on Varian Unity 500, VXR 500, and Inova 500NB 
spectrometers. Chemical shifts are reported in δ (ppm) relative to the residual solvent peak 
(CDCl3: 7.26, C6D6: 7.16 for 
1H; CDCl3: 77.3, C6D6: 128.1 for 
13C). Coupling constants (J) are 
expressed in hertz (Hz). Splitting patterns are designated as s (singlet), d (doublet), t (triplet), dd 
(doublet of doublets), m (multiplet), bd (broad doublet), bm (broad multiplet). Low resolution 
EI and ESI mass spectra were recorded on a Micromass 70-VSE and Waters Quattro II 
spectrometer respectively. High resolution EI and ESI mass spectra were recorded on a 
Micromass 70-VSE and Micromass Q-TOF Ultima spectrometer respectively. MALDI mass 
spectra were recorded on an Applied Biosystems Voyager-DE STR spectrometer. Infrared 
spectra (percent transmittance) were acquired on a Nicolet Nexus 670 FT-IR spectrometer with 
a diffuse reflectance attachment (DRIFTS).  Percent transmittance is reported in cm-1 with 
descriptors to describe peak intensity: wk (weak), med (medium), str (strong) and peak width: brd 
(broad), sharp. Analytical gel permeation chromatography (GPC) analyses were performed on a 
system composed of a Waters 515 HPLC pump, a Thermoseparations Trace series AS100 
autosampler, a series of three Waters HR Styragel columns (7.8’ 300 mm, HR3, HR4, and HR5), 
and a Viscotek TDA Model 300 triple detector array in HPLC grade THF (flow rate = 1.0 
mL/min) at 30 °C. The GPC was calibrated using a series of monodisperse polystyrene 
standards. 
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2.5.2 MM-P and OP-P Polymer Synthesis 
 
 
Methyl 2-hydroxy-5-iodobenzoate (2). In a 250 mL round bottom flask, conc. H2SO4 (5 mL) 
was added to a solution of 2-hydroxy-5-iodobenzoic acid 1 (10.5 g, 39.8 mmol) in methanol (113 
mL). The resulting solution was refluxed under N2 for 20 hours after which it was concentrated 
to a tan solid. The crude mixture was dissolved in EtOAc (300 mL) and washed with a saturated 
aqueous NaHCO3 solution (2 x 150 mL) then brine (1 x 150 mL). The organic layer was dried 
over MgSO4 and concentrated to a tan solid. Purified by column chromatography [silica gel, 
hexane/DCM 2:1 (1 L)] to obtain 2 as a white solid (9.88 g, 35.5 mmol, 89%). 1H NMR (500 
MHz, CDCl3): δ 10.7 (s, 1H, OH), 8.08 (d, J = 2 Hz, 1H, ArH), 7.66 (dd, J = 2, 9 Hz, 1H, ArH), 
6.74 (d, J = 9 Hz, 1H, ArH), 3.93 (s, 3H, OCH3); 
13C NMR (125 MHz, CDCl3): δ 169.5, 161.4, 
144.2, 138.4, 120.2, 114.7, 80.30, 52.82; LR-MS (EI+): m/z (%): 277.9 (88.1), 246.9 (18.6), 245.9 
(100), 217.9 (32.6), 63.1 (22.2); HR-MS (EI+): Calc for C8H7O3I (M)
+ 277.9440, Found 277.9447. 
IR (cm-1): 3220 (O-H, med brd), 1695 (C=O, med brd). 
 
 
Methyl 5-iodo-2-tetradecyloxybenzoate (3). In a 200 mL round bottom flask methyl 2-
hydroxy-5-iodobenzoate 2 (4.92 g, 17.7 mmol, 1 equiv), anhydrous K2CO3 (4.41 g, 31.9 mmol, 
1.80 equiv), 1-bromotetradecane (8.7 mL, 31.9 mmol, 1.80 equiv) and acetone (62 mL) were 
combined. The mixture was refluxed under N2 for 40 hours after which it was concentrated to a 
light yellow solid. The crude solid was dissolved in DCM (250 mL) then washed with brine (2 x 
100 mL), dried over MgSO4 and concentrated to a light yellow oil. Purified by column 
chromatography [silica gel, gradient hexane/DCM 8:1 to 2:1 (1.5 L)] to obtain 3 as a colorless oil 
which solidified to a white solid after complete removal of residual solvents (6.34 g, 13.4 mmol, 
76%). 1H NMR (500 MHz, CDCl3): δ 8.04 (d, J = 2.5 Hz, 1H, ArH), 7.68 (dd, J = 2, 8.5 Hz, 1H, 
ArH), 6.72 (d, J = 9 Hz, 1H, ArH), 3.99 (t, J = 6.5 Hz, 2H, OCH2), 3.87 (s, 3H, OCH3), 1.81 (m, 
2H, CH2), 1.32 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 
I
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MHz, CDCl3): δ 165.7, 158.7, 142.1, 140.2, 122.7, 115.7, 81.70, 69.39, 52.40, 32.20, 29.95, 29.93, 
29.87, 29.84, 29.64, 29.57, 29.28, 26.14, 22.97, 14.41; LR-MS (ESI+): m/z (%): 497.2 (11.4), 
476.2 (23.5), 475.2 (100), 444.1 (10.4), 443.1 (47.1), 279.0 (29.8); HR-MS (ESI+): Calc for 
C22H36O3I (M+H)
+ 475.1709, Found 475.1711. IR (cm-1): 2914 (C-H, str), 2847 (O-CH2, str), 
1724 (C=O, str sharp), 1232 (C-O-C, med brd). 
 
 
Methyl 2-tetradecyloxy-5-(trimethylsilyl)ethynylbenzoate (4). In a 100 mL Schlenk flask 
under a positive flow of N2 were charged aryl iodide 3 (2.52 g, 5.32 mmol, 1 equiv), CuI (50.9 
mg, 0.267 mmol, 0.050 equiv) and Pd(PPh3)2Cl2 (94.9 mg, 0.135 mmol, 0.025 equiv) then capped 
with a rubber septum. The flask was evacuated and backfilled with N2 three times. The solids 
were dissolved in anhydrous piperidine (24 mL) to give a light yellow solution followed by 
addition of (trimethylsilyl)acetylene (3.75 mL, 26.5 mmol, 5 equiv) and stirring in a water bath at 
room temperature for 4 hours under N2. The brown slurry was diluted with EtOAc (50 mL) and 
filtered. Next, the filtrate was concentrated to a dark brown oily residue and purified by column 
chromatography [silica gel, hexane (500 mL) then hexane/EtOAc 95:5 (1 L)] to obtain 4 as a 
thick reddish-brown oil (2.30 g, 5.17 mmol, 97%). 1H NMR (500 MHz, CDCl3): δ 7.89 (d, J = 2 
Hz, 1H, ArH), 7.50 (dd, J = 2, 8.5 Hz, 1H, ArH), 6.84 (d, J = 8.5 Hz, 1H, ArH), 4.00 (t, J = 6.5 
Hz, 2H, OCH2), 3.86 (s, 3H, OCH3), 1.82 (m, 2H, CH2), 1.46 (m, 2H, CH2), 1.25 (m, 20H, CH2), 
0.87 (t, J = 7 Hz, 3H, CH3), 0.22 (s, 9H, Si(CH3)3; 
13C NMR (125 MHz, CDCl3): δ 166.2, 158.9, 
136.9, 135.8, 120.5, 115.1, 113.1 104.2, 93.50, 69.23, 52.19, 32.17, 29.93, 29.91, 29.84, 29.81, 
29.60, 29.56, 29.28, 26.12, 22.94, 14.36, 0.208; LR-MS (ESI+): m/z (%): 446.3 (33.3), 445.3 
(100), 414.3 (12.8), 413.3 (41.5), 249.1 (10.3); HR-MS (ESI+): Calc for C27H45O3Si (M+H)
+ 
445.3138, Found 445.3142. 
 
 
Methyl 5-ethynyl-2-tetradecyloxybenzoate (5). In a 200 mL round bottom flask, 4 (2.30 g, 
5.17 mmol, 1 equiv) was dissolved in THF (103 mL), followed by addition of TBAF [1M, THF] 
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5 mol% CuI
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(6.5 mL, 6.50 mmol, 1.26 equiv) and acetic acid (0.38 mL, 6.64 mmol, 1.28 equiv). The resulting 
brown solution was stirred at room temperature for 10 minutes then concentrated to a dark 
brown oil. The crude material was purified by column chromatography [silica gel, 
hexane/EtOAc 95:5 (750 mL)] to obtain 5 as a white solid (1.77 g, 4.75 mmol, 92%). 1H NMR 
(500 MHz, CDCl3): δ 7.91 (d, J = 2 Hz, 1H, ArH), 7.53 (dd, J = 2, 9 Hz, 1H, ArH), 6.88 (d, J = 9 
Hz, 1H, ArH), 4.02 (t, J = 6.5 Hz, 2H, OCH2), 3.87 (s, 3H, OCH3), 3.00 (s, 1H, CCH) 1.82 (m, 
2H, CH2), 1.45 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.87 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 
MHz, CDCl3): δ 166.2, 159.1, 137.2, 135.8, 120.7, 114.0, 113.2 82.85, 76.73, 69.30, 52.29, 32.19, 
29.95, 29.93, 29.86, 29.84, 29.63, 29.57, 29.29, 26.14, 22.96, 14.39; LR-MS (ESI+): m/z (%): 
396.3 (25.1), 395.3 (100), 373.3 (14.6), 341.2 (25.6), 177.1 (9.8); HR-MS (ESI+): Calc for 
C24H37O3 (M+H)
+ 373.2743, Found 373.2740. IR (cm-1): 3257 (C≡C-H, str sharp), 2919 (C-H, 
str), 2846 (O-CH2, str), 2107 (R-C≡C-H, wk sharp), 1696 (C=O, str sharp). 
 
 
Methyl 5-(3-hydroxyphenylethynyl)-2-tetradecyloxybenzoate (6). In a 50 mL Schlenk flask 
under positive flow of N2 were charged alkyne 5 (543 mg, 2.47 mmol, 1 equiv), CuI (27.9 mg, 
0.147 mmol, 0.060 equiv) and Pd(PPh3)4 (81 mg, 0.07 mmol, 0.028 equiv) then capped with a 
rubber septum. The flask was evacuated and backfilled with N2 three times. A solution of 3-
iodophenol (916 mg, 2.46 mmol, 1 equiv) in THF (12 mL) was added to flask followed by 
anhydrous piperidine (4 mL). The yellow slurry was stirred at room temperature under N2 for 18 
hours. The resulting brown slurry was diluted with EtOAc (25 mL), filtered and the filtrate 
concentrated to a light brown solid. The resulting material was purified by column 
chromatography [silica gel, gradient hexane/DCM 1:1 to 1:8 (750 mL)] to obtain 6 as a light 
brown solid (752 mg, 1.62 mmol, 65%). 1H NMR (500 MHz, CDCl3): δ 7.96 (d, J = 2 Hz, 1H, 
ArH), 7.58 (dd, J = 2, 8.5 Hz, 1H, ArH) 7.21 (t, J = 8 Hz, 1H, ArH), 7.08 (d, J = 7.5 Hz, 1H, 
ArH), 6.97 (m, 1H, ArH), 6.93 (d, J = 9 Hz, 1H, ArH), 6.81 (dd, J = 2.5, 8 Hz, 1H, ArH), 4.88 (s, 
1H, OH), 4.05 (t, J = 6 Hz, 2H, OCH2), 3.90 (s, 3H, OCH3), 1.84 (m, 2H, CH2), 1.48 (m, 2H, 
CH2), 1.26 (bm, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 166.8, 
3-iodophenol
3 mol% Pd(PPh3)4
6 mol% CuI
THF/piperidine
rt, 18 h
65%
OC14H29
CO2Me
5
OC14H29
CO2Me
OH
6
  63 
158.8, 156.0, 136.9, 135.3, 129.8, 124.6, 124.2, 120.4, 118.5, 116.1, 115.2, 113.4, 88.74, 88.41, 
69.37, 52.51, 32.20, 29.97, 29.94, 29.87, 29.84, 29.63, 29.60, 29.24, 26.15, 22.97, 14.39; LR-MS 
(ESI+): m/z (%): 466.3 (32.5), 465.3 (100), 434.3 (16.7), 433.3 (51.8), 269.1 (11.2); HR-MS 
(ESI+): Calc for C30H41O4 (M+H)
+ 465.3005, Found 465.3003. IR (cm-1): 3405 (OH, str brd), 
2922 (C-H, str), 2846 (O-CH2, str), 2212 (R-C≡C-R’, wk sharp), 1682 (C=O, str sharp). 
 
 
5-(3-hydroxyphenylethynyl)-2-tetradecyloxybenzoic acid (MM1). In a 50 mL round bottom 
flask methyl ester 7 (751 mg, 1.62 mmol, 1 equiv) was dissolved in THF (23 mL) followed by 
addition of KOH [3.5M aqueous solution] (909 mg, 16.2 mmol, 10 equiv). The brown solution 
was refluxed for 18 hours, concentrated to a brown residue and diluted with H2O (50 mL). The 
resulting solution was acidified with concentrated HCl to a pH = 1 and the white slurry was 
extracted with DCM (4 x 75 mL). The combined DCM extracts were washed with brine (100 
mL), dried over MgSO4 and concentrated to a tan solid. The material was then purified by 
column chromatography [silica gel, DCM (300 mL) then DCM/acetic acid 98.5:1.5 (600 mL)] to 
obtain MM1 as an off-white solid (669 mg, 1.48 mmol, 91%). 1H NMR (500 MHz, CDCl3): δ 
8.37 (d, J = 2 Hz, 1H, ArH), 7.68 (dd, J = 1.5, 8.5 Hz, 1H, ArH) 7.21 (t, J = 8 Hz, 1H, ArH), 
7.06 (m, 2H, ArH) 6.87 (d, J = 7.5 Hz, 1H, ArH), 4.26 (t, J = 6.5 Hz, 2H, OCH2) 1.91 (m, 2H, 
CH2), 1.47 (m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, 
CDCl3): δ 166.1, 157.5, 156.3, 138.4, 137.2, 129.9, 124.0, 118.5, 117.9, 117.5, 116.5, 113.1, 90.00, 
87.36, 70.93, 32.17, 29.93, 29.90, 29.87, 29.78, 29.67, 29.61, 29.46, 29.08, 26.06, 22.94, 14.39; LR-
MS (ESI+): m/z (%): 529.3 (13.8), 473.3 (26.4), 452.3 (30.0), 451.3 (100), 434.3 (12.1), 433.3 
(40.0), 255.1 (8.4); HR-MS (ESI+): Calc for C29H39O4 (M+H)
+ 451.2848, Found 451.2852. IR 
(cm-1): 3378 (COO-H, med brd), 3249 (O-H, med brd), 2922 (C-H, str), 2849 (O-CH2, str), 2212 
(R-C≡C-R’, wk sharp), 1717 (C=O, str sharp). 
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Polymer MM-P. In a 25 mL Schlenk flask MM1 (582 mg, 1.29 mmol, 1 equiv), DPTS (190 mg, 
0.646 mmol, 0.50 equiv) and DCM (8 mL) were combined under N2 with gentle heating to give a 
homogeneous light brown solution. Next diisopropylcarbodiimide (300 µL, 1.94 mmol, 1.50 
equiv) was added and the mixture was stirred at room temperature under N2. After 24 hours, the 
reaction mixture was added drop wise into rapidly stirring methanol (300 mL) to precipitate the 
polyester. After precipitation, the polymer (420 mg) was fractionated by preparative GPC [SX-1 
BioBeads 200-400 mesh, DCM] to obtain 57 mg of polyester MM-P (10%) as a tan solid. GPC 
(THF): Mn = 18 kDa, Mw = 35 kDa, PDI = 1.9, Ret. Volume = 22-29 mL; 1H NMR (500 MHz, 
CDCl3): δ 8.15 (bd, J = 2.5 Hz, 1H, ArH), 7.65 (bd, J = 8.5 Hz, 1H, ArH) 7.40 (bm, 3H, ArH), 
7.20 (bd, J = 7.5 Hz, 1H, ArH) 6.99 (bd, J = 9 Hz, 1H, ArH), 4.09 (t, J = 6 Hz, 2H, OCH2) 1.85 
(m, 2H, CH2), 1.48 (m, 2H, CH2), 1.21 (bm, 20H, CH2), 0.86 (t, J = 7 Hz, 3H, CH3). 
 
 
Methyl 4-iodo-2-tetradecyloxybenzoate (8). In a 200 mL round bottom flask methyl 2-
hydroxy-4-iodobenzoate 7 (5.06 g, 18.2 mmol, 1 equiv), anhydrous K2CO3 (4.55 g, 32.9 mmol, 
1.80 equiv), 1-bromotetradecane (8.95 mL, 32.8 mmol, 1.80 equiv) and acetone (72 mL) were 
combined. The mixture was refluxed under N2 for 36 hours after which it was concentrated to a 
light brown slurry. The crude slurry was diluted with DCM (300 mL) then washed with brine (2 x 
100 mL), dried over MgSO4 and concentrated to a light brown oil. The crude material was 
purified by column chromatography [silica gel, gradient hexane/DCM 9:1 to 4:1 (1 L)] to obtain 
8 as a white solid (6.74 g, 14.2 mmol, 78%). 1H NMR (500 MHz, CDCl3): δ 7.48 (d, J = 8.5 Hz, 
1H, ArH), 7.31 (dd, J = 1.5, 8.0 Hz, 1H, ArH), 7.28 (d, J = 1 Hz, 1H, ArH), 3.99 (t, J = 6.5 Hz, 
2H, OCH2), 3.86 (s, 3H, OCH3), 1.82 (m, 2H, CH2), 1.33 (m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88 
(t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 166.6, 159.1, 133.0, 129.5, 122.8, 120.0, 
100.1, 69.53, 52.29, 32.20, 29.97, 29.94, 29.87, 29.84, 29.64, 29.56, 29.29, 26.13, 22.97, 14.41; LR-
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MS (ESI+): m/z (%): 498.2 (22.3), 497.2 (100), 475.2 (4.8), 101.0 (11.2); HR-MS (ESI+): Calc for 
C22H36O3I (M+H)
+ 471.1709, Found 471.1712. IR (cm-1): 2916(C-H, str ), 2847 (O-CH2, str), 
1719 (C=O, str sharp), 1231 (C-O-C, med brd). 
 
 
Methyl 2-tetradecyloxy-4-(trimethylsilyl)ethynylbenzoate (9). In a 100 mL Schlenk flask 
under a positive flow of N2 were charged aryl iodide 8 (2.68 g, 5.65 mmol, 1 equiv), CuI (54.4 
mg, 0.286 mmol, 0.050 equiv) and Pd(PPh3)2Cl2 (99 mg, 0.141 mmol, 0.025 equiv) then capped 
with a rubber septum. The flask was evacuated and backfilled with N2 three times. The solids 
were dissolved in anhydrous piperidine (30 mL) to give an orange-yellow solution followed by 
addition of (trimethylsilyl)acetylene (4 mL, 28.3 mmol, 5 equiv) and stirring in a water bath at 
room temperature for 4 hours under N2. The brown slurry was diluted with EtOAc (50 mL), 
filtered and the filtrate concentrated to a dark brown oily residue. The crude material was 
purified by column chromatography [silica gel, hexane/EtOAc 95:5 (1 L)] to obtain 9 as a thick 
reddish-brown oil (2.49 g, 5.60 mmol, 99%). 1H NMR (500 MHz, CDCl3): δ 7.71 (d, J = 8 Hz, 
1H, ArH), 7.05 (dd, J = 1, 7.5 Hz, 1H, ArH), 7.02 (d, J = 1 Hz, 1H, ArH), 4.02 (t, J = 6 Hz, 2H, 
OCH2), 3.87  (s, 3H, OCH3), 1.82 (m, 2H, CH2), 1.48 (m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88(t, J 
= 7 Hz, 3H, CH3), 0.26 (s, 9H, Si(CH3)3; 
13C NMR (125 MHz, CDCl3): δ 166.6, 158.6, 131.8, 
128.3, 123.9, 120.5, 116.5, 104.4, 97.00, 69.27, 52.18, 32.18, 29.95, 29.86, 29.84, 29.62, 29.57, 
29.35, 26.16, 22.95, 14.38, 0.090; LR-MS (ESI+): m/z (%): 447.3 (10.3), 446.3 (33.8), 445.3 (100), 
414.3 (7.54), 413.3 (23.8), 249.1 (9.23); HR-MS (ESI+): Calc for C27H45O3Si (M+H)
+ 445.3138, 
Found 445.3136. 
 
 
Methyl 4-ethynyl-2-tetradecyloxybenzoate (10). In a 300 mL round bottom flask, alkyne 9 
(2.49 g, 5.60 mmol, 1 equiv) was dissolved in THF (113 mL), followed by addition of TBAF 
[1M, THF] (6.8 mL, 6.80 mmol, 1.21 equiv) and acetic acid (0.4 mL, 6.99 mmol, 1.25 equiv). The 
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resulting brown solution was stirred at room temperature for 10 minutes then concentrated to a 
dark brown oil. Purified by column chromatography [silica gel hexane/EtOAc 97.5:2.5 (750 
mL)] to obtain 10 as an off-white solid (1.93 g, 5.19 mmol, 93%). 1H NMR (500 MHz, CDCl3): δ 
7.73 (d, J = 7.5 Hz, 1H, ArH), 7.08 (dd, J = 1.5, 8 Hz, 1H, ArH), 7.05 (d, J = 1 Hz, 1H, ArH), 
4.01 (t, J = 6.5 Hz, 2H, OCH2), 3.88 (s, 3H, OCH3), 3. 18 (s, 1H, CCH), 1.82 (m, 2H, CH2), 1.47 
(m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 
166.6, 158.6, 131.9, 127.2, 124.0, 121.1, 116.6, 83.15, 79.50, 69.33, 52.32, 32.20, 29.98, 29.95, 
29.94, 29.89, 29.87, 29.65, 29.59, 29.33, 26.17, 22.98, 14.41; LR-MS (ESI+): m/z (%): 396.3 
(10.3), 395.3 (40.3), 374.3 (26.3), 373.3 (100), 342.2 (16.1), 341.2 (66.7), 177.1 (40.3); HR-MS 
(ESI+): Calc for C24H37O3 (M+H)
+ 373.2743, Found 373.2738. IR (cm-1): 3244 (C≡C-H, str 
sharp), 2917 (C-H, str), 2847 (O-CH2, str), 2097 (R-C≡C-H, wk sharp), 1716 (C=O, str sharp). 
 
 
Methyl 4-(2-(tert-butyldimethylsilyloxy)phenylethynyl)-2-tetradecyloxybenzoate (11). In a 
50 mL Schlenk flask under positive flow of N2 were charged terminal alkyne 10 (772 mg, 2.07 
mmol, 1 equiv), CuI (15 mg, 0.0788 mmol, 0.038 equiv) and Pd(PPh3)4 (71.9 mg, 0.0622 mmol, 
0.030 equiv) then capped with a rubber septum. The flask was evacuated and backfilled with N2 
three times. A solution of 2-(tert-butyldimethylsilyloxyl)iodobenzene25 (695 mg, 2.08 mmol, 1 
equiv) in THF (9 mL) was added to the flask followed by anhydrous piperidine (3 mL). The 
yellow slurry was stirred at room temperature under N2 for 18 hours. The resulting brown slurry 
was diluted with EtOAc (25 mL), filtered and the filtrate concentrated to a light brown solid. 
The material was purified by column chromatography [silica gel, hexane/EtOAc 98:2 750 mL] to 
obtain 11 as a viscous colorless oil (1.06 g, 1.83 mmol, 88%). 1H NMR (500 MHz, CDCl3): 7.76 
(d, J = 8 Hz, 1H, ArH), 7.47 (dd, J = 2, 7.5 Hz, 1H, ArH), 7.23 (m, 1H, ArH), 7.10 (m, 2H, 
ArH), 6.95 (dt, J = 1, 7.5 Hz, 1H, ArH), 6.85 (dd, J = 1, 8 Hz, 1H, ArH), 4.03 (t, J = 7 Hz, 2H, 
OCH2), 3.89 (s, 3H, OCH3), 1.84 (m, 2H, CH2), 1.49 (m, 2H, CH2), 1.26 (m, 20H, CH2), 1.05 (s, 
9H, C(CH3)3), 0.87 (t, J = 7 Hz, 3H, CH3), 0.26 (s, 6H, Si(CH3)2).
 13C NMR (125 MHz, CDCl3): δ 
166.6, 158.7, 156.8, 133.8, 131.9, 130.2, 129.0, 123.3, 121.5, 120.0, 119.9, 116.1, 115.4, 92.35, 
H29C14O
CO2Me 3 mol% Pd(PPh3)4
4 mol% CuI
THF/piperidine
rt, 18 h
88%
H29C14O
CO2Me
OTBS10
11
I
OTBS
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89.53, 52.13, 32.17, 29.93, 29.91, 29.87, 29.85, 29.61, 29.58, 29.34, 26.16, 25.98, 22.93, 18.53, 
14.36, -4.06; LR-MS (ESI+): m/z (%): 582.4 (3.8), 581.4 (10.5), 580.4 (38.7), 579.4 (100), 547.4 
(4.6); HR-MS (ESI+): Calc for C36H54O4Si (M+H)
+ 579.3870, Found 579.3870. 
 
 
4-(2-hydroxyphenylethynyl)-2-tetradecyloxybenzoic acid (OP1). In an argon-filled glove 
box, a 100 mL Schlenk flask was loaded with anhydrous potassium trimethylsilanoate [KOSiMe3] 
(785 mg, 6.12 mmol, 3.4 equiv). The methyl ester 11 (1.04 g, 1.62 mmol, 1 equiv) was dissolved 
and transferred into the flask with THF (36 mL) then sealed with a glass stopper and electrical 
tape. The bright yellow solution was removed from the glove box and stirred for 16 hours at 
room temperature. The resulting white slurry was diluted with EtOAc (50 mL) and H2O (25 mL) 
then stirred for an additional 15 minutes. Next, the aqueous and organic layers were separated, 
and aqueous layer was diluted with 1 M HCl (100 ml) and extracted with EtOAc (3 x 75 mL). 
The combined organic layers were washed with brine (1 x 100 mL), dried over MgSO4 and 
concentrated to a white solid. The crude material was purified by column chromatography [silica 
gel, hexane/DCM 1:5 (1 L) then DCM (500 mL) then DCM/acetic acid 99.5:0.5 (2 L)] to obtain 
OP1 as a white solid (760 mg, 1.69 mmol, 94%). 1H NMR (500 MHz, CDCl3): δ 8.16 (d, J = 8.5 
Hz, 1H, ArH), 7.44 (dd, J = 1.5, 8 Hz, 1H, ArH), 7.31 (d, J = 1 Hz, 1H, ArH), 7.27 (d, J = 1.5, 8 
Hz, 1H, ArH), 7.18 (d, J = 1 Hz, 1H, ArH), 7.01 (d, J = 8.5 Hz, 1H, ArH), 6.94 (td, J = 1, 7.5 
Hz, 1H, ArH), 4.27 (t, J = 6.5 Hz, 2H, OCH2), 1.93 (m, 2H, CH2), 1.49 (m, 2H, CH2), 1.26 (m, 
20H, CH2), 0.87 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 166.6, 159.1, 133.0, 
129.5, 122.8, 120.0, 100.1, 69.53, 52.29, 32.20, 29.97, 29.94, 29.87, 29.84, 29.64, 29.56, 29.29, 
26.13, 22.97, 14.41; LR-MS (ESI+): m/z (%): 452.3 (32.6), 451.3 (100), 433.3 (10.0), 255.1 (7.8); 
HR-MS (ESI+): Calc for C29H39O4 (M+H)
+ 451.2848, Found 451.2849. IR (cm-1): 3358 (O-H, 
med brd), 2500-3500 (COO-H, med brd), 2912 (C-H, str), 2849 (O-CH2, str), 2210 (R-C≡C-R’, 
wk sharp), 1706 (C=O, str sharp). 
 
H29C14O
CO2Me
OTBS
KOSiMe3
THF, rt, 16 h
94%11
H29C14O
CO2H
OH
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  68 
 
Polymer OP-P. In a 10 mL Schlenk tube, the OP1 monomer (247.5 mg, 0.549 mmol, 1 equiv), 
DPTS (80.7 mg, 0.274 mmol, 0.50 equiv) and DCM (1.4 mL) were combined under N2 with 
gentle heating to give a homogeneous yellow solution. Next diisopropylcarbodiimide (127.5 µL, 
0.823 mmol, 1.50 equiv) was added and the mixture was stirred at room temperature under N2. 
Significant precipitate appeared after 1 hour. After 24 hours, reaction mixture was concentrated 
to an off-white solid. The crude polymer was fractionated by preparative GPC [SX-1 BioBeads 
200-400 mesh, DCM] to obtain 48 mg (19%) of polymer OP-P. GPC (THF): Mn = 9.6 kda, Mw 
= 13 kDa, PDI = 1.3, Ret. Volume = 25-29 mL); 1H NMR (500 MHz, CDCl3): δ 8.06 (bd, 1H, 
ArH), 7.57 (bd, 1H, ArH), 7.39 (bt, 1H, ArH), 7.23 (bd, 2H, ArH), 6.97 (bd, 1H, ArH), 6.79 (bs, 
1H, ArH), 3.70 (bt, 2H, OCH2), 1.70 (m, 2H, CH2), 1.37 (m, 2H, CH2), 1.22 (bm, 21H, CH2), 
0.86 (bt, 3H, CH3). 
 
2.5.3 Depolymerization and Macrocycle Synthesis 
 
 
MM-[3]/[x]mer. In an argon-filled glove box, an oven dried 20 mL I-CHEM vial was charged 
with EtC≡Mo[NAr(tBu)]3 (5.71 mg, 0.00858 mmol, 10 wt%), triphenylsilanol (8.55 mg, 0.0309 
mmol, 15 wt%), and anhydrous 1,2,4-trichlorobenzene (2.2 mL). The golden-brown solution was 
stirred for 10 minutes then polyester MM-P (57 mg) was added along with additional 1,2,4-
trichlorobenzene (3 mL). The vial was sealed with electrical tape, removed from the box and 
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CO2H
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Mo[NAr(tBu)]3 (10 wt%)Et N Mo N
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heated at 50°C for 10 minutes to obtain a light brown, homogeneous solution. The mixture was 
then stirred at room temperature for 48 hours. Afterwards, the crude mixture was purified by 
column chromatography [silica gel, hexane (500 mL) then hexane/EtOAc 95:5 (2 L) then 
hexane/EtOAc 9:1 (1 L) then DCM (500 mL)] to obtain crude MM-[3]mer and 34.2 mg (60%) 
of MM-[x]mer, a mixture of cyclic tetramer and larger macrocycles. The impure cyclic trimer 
(major impurity is triphenylsilanol) was purified by preparative GPC [SX-3 BioBeads 200-400 
mesh, DCM] (also can be purified by precipitation of a DCM solution of crude cyclic trimer into 
MeOH) to obtain 9.7 mg (17%) of pure MM-[3]mer. GPC (THF): Mn = 1.9 kda, Mw = 1.9 
kDa, PDI = 1.0, Ret. Volume = 29.5 mL); 1H NMR (500 MHz, C6D6): δ 8.54 (d, J = 2 Hz, 1H, 
ArH), 8.53 (d, J = 2 Hz, 1H, ArH), 8.46 (d, J = 2 Hz, 1H, ArH), 8.45 (d, J = 2 Hz, 1H, ArH), 
7.65 (t, J = 1.5 Hz, 1H, ArH), 7.63 (t, J = 1.5 Hz, 1H, ArH), 7.59 (t, J = 1.5 Hz, 1H, ArH), 7.57 
(t, J = 1.5 Hz, 1H, ArH), 7.52 (m, 4H, ArH), 7.40 (m, 2H, ArH), 7.29 (m, 6H, ArH), 7.01 (t, J = 
8 Hz, 1H, ArH), 7.00 (t, J = 8 Hz, 1H, ArH), 6.97 (t, J = 8 Hz, 1H, ArH), 6.96 (t, J = 8 Hz, 1H, 
ArH), 6.48 (d, J = 8.5 Hz, 2H, ArH), 6.44 (d, J = 8.5 Hz, 2H, ArH), 3.59 (m, 8H, OCH2), 1.68 
(m, 8H, CH2), 1.48 (m, 8H, CH2), 1.32 (bm, 80H, CH2), 0.92 (m, 12H, CH3); 
13C NMR (125 
MHz, C6D6): δ 162.98, 162.79, 162.63, 162.56, 159.48, 159.43, 159.34, 151.58, 151.54, 151.43, 
151.40, 136.72, 136.66, 136.58, 135.89, 135.84, 135.82, 129.54, 129.52, 129.47, 129.44, 129.40, 
128.75, 128.69, 128.66, 128.64, 125.63, 125.50, 125.44, 125.14, 125.10, 124.89, 124.86, 122.85, 
122.82, 122.78, 122.71, 120.82, 120.75, 120.70, 120.61, 115.61, 115.59, 115.36, 115.34, 115.34, 
113.43, 113.35, 89.88, 89.87, 89.73, 89.69, 88.81, 88.80, 88.53, 68.99, 32.31, 30.15, 30.15, 30.13, 
30.10, 30.06, 30.02, 29.80, 29.73, 29.43, 29.40, 26.30, 26.29, 23.08, 14.34; HR-MS (ESI+): Calc 
for C87H109O9 (M+H)
+ 1297.8072, Found 1297.8043. MALDI-TOF: (M + Na)+ m/z: 1319.8.  
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OP-[3]/[4]mer. In an argon-filled glove box, an oven dried 20 mL I-CHEM vial was charged 
with EtC≡Mo[NAr(tBu)]3 (3.85 mg, 0.00578 mmol, 10 wt%), triphenylsilanol (5.78 mg, 0.0209 
mmol, 15 wt%), and anhydrous 1,2,4-trichlorobenzene (1 mL). The golden-brown solution was 
stirred for 10 minutes then polyester OP-P (38.5 mg) was added along with additional 1,2,4-
trichlorobenzene (2.5 mL). The vial was sealed with electrical tape, removed from the box and 
heated at 50°C for 10 minutes to obtain a light brown, homogeneous solution. The mixture was 
then stirred at room temperature for 48 hours. Afterwards, the crude mixture was purified by 
column chromatography [silica gel, hexane (500 mL) then gradient hexane/EtOAc 95:5 to 
hexane/EtOAc 80:20 (1.5 L) then DCM (500 mL)] to obtain 31 mg of a crude mixture 
containing OP-[3]mer and OP-[4]mer with triphenylsilanol. This crude mixture was further 
purified by preparative GPC [SX-3 BioBeads 200-400 mesh, DCM] to obtain OP-[3]/[4]mer in 
a combined yield of 54% (ratio of [3]mer to [4]mer is 2.4:1 as determined by 1H NMR). A small 
amount of each macrocycle was separated and used to identify the macrocycle peaks by 1H 
NMR, GPC, and MALDI. OP-[3]mer: [GPC (THF): Mn = 1.6 kDa, Mw = 1.7 kDa, PDI = 1.0, 
Ret. Volume = 29.8 mL); 1H NMR (500 MHz, CDCl3): δ 7.94 (d, J = 8.5 Hz, 3H, ArH), 7.64 (dd, 
J = 1.5, 8.5 Hz, 3H, ArH), 7.45 (dt, J = 2, 8 Hz, 3H, ArH), 7.29 (m, 6H, ArH), 7.06 (m, 6H, 
ArH), 3.93 (t, J = 7 Hz, 6H, OCH2), 1.73 (m, 2H, CH2), 1.41 (m, 2H, CH2), 1.25 (bm, 60H, CH2), 
0.88 (t, J = 7 Hz, 9H, CH3)]; MALDI-TOF: (M + Na)
+ m/z: 1319.8. OP-[4]mer: [GPC (THF): 
Mn = 1.8 kDa, Mw = 1.9 kDa, PDI = 1.0, Ret. Volume = 29.6 mL); 1H NMR (500 MHz, 
CDCl3): δ 8.11 (d, J = 8 Hz, 4H, ArH), 7.60 (dd, J = 1.5, 7.5 Hz, 4H, ArH), 7.42 (dt, J = 1.5, 8.5 
Hz, 4H, ArH), 7.26 (t, J = 7 Hz, 4H, ArH), 7.21 (d, J = 8.5 Hz, 4H, ArH), 6.88 (dd, J = 1, 8 Hz, 
4H, ArH), 6.80 (dd, J = 1, 8 Hz, 4H, ArH), 3.71 (t, J = 6 Hz, 8H, OCH2), 1.73 (m, 8H, CH2), 
1.38 (m, 8H, CH2), 1.25 (bm, 80H, CH2), 0.88 (t, J = 7 Hz, 12H, CH3)]; MALDI-TOF: (M + 
Na)+ m/z: 1752.1. OP-[3]/[4]mer (3 : 1 ratio, signal with * is from OP-[4]mer. All signals from 
32.23 and lower are from tetradecyloxy chains and cannot be assigned to either macrocycle). 13C 
NMR (125 MHz, CDCl3): δ 163.4, 163.1*, 160*, 159, 152.7*, 152.0, 133.3, 133.1*, 133.1*, 131.8, 
130.5*, 130.4, 129.7*, 128.9, 126.3, 126.2*, 123.3, 123.0, 122.9*, 122.8, 119.9, 118.2*, 117.4, 
117.2*, 116.2, 116.1*, 93.77*, 93.58, 87.44, 86.24*, 69.45, 69.35*, 32.23, 32.21, 30.01, 29.99, 
29.98, 29.96, 29.94, 29.91, 29.89, 29.87, 29.82, 29.70, 29.67, 29.66, 29.33, 26.38, 26.20, 22.98, 
14.41. 
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MM-A3. In a 25 mL Schlenk flask, monomer MM1 (578.5 mg, 1.28 mmol, 1 equiv), DPTS 
(188.5 mg, 0.640 mmol, 0.50 equiv) and DCM (8mL) were combined under N2 with gentle 
heating to give a homogeneous light brown solution. Next diisopropylcarbodiimide (300 µL, 1.94 
mmol, 1.52 equiv) was added and the mixture was stirred at room temperature under N2. After 
24 hours, reaction mixture was added drop wise into rapidly stirring methanol (300 mL) to 
precipitate the polyester. The tan solid was filtered and washed with methanol to obtain 420 mg 
of polymer. The polymer was fractionated by preparative GPC [SX-1 BioBeads 200-400 mesh, 
DCM] to obtain 14.3 mg (2.5%) of directionally uniform MM-A3. GPC (THF): Mn = 1.8 kda, 
Mw = 1.8 kDa, PDI = 1.0, Ret. Volume = 29.6 mL); 1H NMR (500 MHz, C6D6): δ 8.46 (d, J = 2 
Hz, 3H, ArH), 7.57 (t, J = 1.5 Hz, 3H, ArH), 7.39 (d, J = 7.5 Hz, 3H, ArH), 7.30 (dd, J = 1.5, 7.5 
Hz, 3H, ArH), 7.00 (t, J = 8 Hz, 3H, ArH), 6.44 (d, J = 8.5 Hz, 3H, ArH), 3.58 (t, J = 6.5 Hz, 
6H, OCH2), 1.68 (m, 6H, CH2), 1.48 (m, 6H, CH2), 1.32 (bm, 60H, CH2), 0.92 (m, 9H, CH3). 
MALDI-TOF: (M + H)+ m/z: 1297.9. 
 
2.5.4 NMR Analysis of MM-[3]mer Isomers 
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The two isomers, MM-A3 and MM-A2B, are observed in a 1:3 ratio after depolymerization-
macrocyclization of polyester MM-P via alkyne metathesis. This was concluded by the observed 
1:1:1:1 ratio of protons x/x’/x’’/x’’’ (x = a – g) in Figure 2.15. More specifically, protons g and g’ 
display the same integrated intensities. The identification of the peaks in Figure 2.15 was 
determined by COSY analysis of the mixture (Figure 2.16) and 1H NMR comparison of the 
mixture and pure MM-A3 (Figure 2.10). 
 
 
Figure 2.15 – 1H NMR of MM-[3]mer mixture in C6D6 (aryl region). 
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Figure 2.16 – gCOSY 1H NMR of MM-[3]mer mixture in C6D6 (aryl region). 
 
Due to the similar local chemical environments in the isomers, MM-A3 and MM-A2B, 
protons x/x’ have similar chemical shifts and protons x’’/x’’’ do as well. Comparison of the 
mixture and pure MM-A3 allowed for assignment of protons a-a’’’/b-b’’’/c-c’/d-d’/e-e’. 
Gradient COSY Analysis allowed identification of protons c’’/c’’’ and g’/g’’/g’’’ which were 
difficult to assign from Figure 2.15. With protons g and g’ identified, they were the only protons 
on different isomers that were not overlapping with other signals. This allowed for the 
determination of the ratio of the two macrocyclic isomers. 
 
  
  74 
2.5.5 1H NMR of OP-[3]/[4]mer 
 
 
Figure 2.17 – 1H NMR of OP-[3]/[4]mer mixture in CDCl3 (aryl region). 
 
2.5.6 Ring Opening Experiments 
 
 
Ring opening metathesis of MM-A3. In an argon-filled glove box, an oven dried 20 mL I-
CHEM vial was charged with EtC≡Mo[NAr(tBu)]3 (2 mg, 0.003 mmol, 10 mol%), 
triphenylsilanol (2.5 mg, 0.00904 mmol, 31 mol%), and 1,2,4-trichlorobenzene (1 mL). The 
golden-brown solution was stirred for 10 minutes then MM-A3 (12.5 mg, 0.00963 mmol [0.0289 
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mmol monomer]) was added and the vial sealed with electrical tape. The reaction was removed 
from the box and stirred at room temperature for 48 hours. The solvent was removed via 
vacuum distillation to obtain a brown solid. Analysis of crude material by GPC (Figure 2.13) and 
MALDI-MS (Figure 2.18) indicates that MM-A3 ring opened and formed higher MW material. 
Up to cyclic heptamer is seen by MALDI. The similar GPC traces of ring opening and 
depolymerization indicates that the MM system is dynamic since similar product distributions is 
observed from two different starting points (polymer and pure MM-A3). Analysis by 
1H NMR 
indicates oligomerization and displays both MM-[3]mer isomers (MM-A3 and MM-A2B). 
 
 
Figure 2.18 – MALDI-MS analysis of crude material from ring opening metathesis of MM-A3. 
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Ring opening metathesis of OP-[4]mer. In an argon-filled glove box, an oven dried 7 ml vial 
was charged with EtC≡Mo[NAr(tBu)]3 (0.65 mg, 0.976 µmol, 14 mol%), triphenylsilanol (1.10 
mg, 0.00398 mmol, 57 mol%), and 1,2,4-trichlorobenzene (0.3 mL). The golden-brown solution 
was stirred for 10 minutes then OP-[4]mer (3 mg, 0.00173 mmol [0.00693 mmol monomer]) 
was added with additional 1,2,4-trichlorobenzene (0.3 mL) and the vial sealed with electrical tape. 
The reaction was removed from the box and stirred at room temperature for 48 hours. The 
solvent was removed via vacuum distillation to obtain a brown solid. Analysis of crude material 
by 1H NMR (Figure 2.19) indicates that OP-[3]mer was formed from ring opening metathesis 
of OP-[4]mer. A 1:2.7 ratio of OP-[3]mer to OP-[4]mer is determined by the peaks at 3.93 
ppm (OP-[3]mer) and 3.71ppm (OP-[4]mer). 
 
Figure 2.19 – 1H NMR (CDCl3) of a crude mixture of OP-[3]/[4]mer after ring opening metathesis 
of OP-[4]mer. 
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2.5.7 MALDI-MS Spectra of Depolymerizations 
 
 
Figure 2.20 – MALDI-MS analysis of crude depolymerization of MM-P. 
 
Figure 2.21 – MALDI-MS analysis of crude depolymerization of OP-P. 
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Chapter 3 
Relaxing Conformational Constraints in  
Dynamic Macrocycle Synthesis* 
 
3.1 Introduction 
Understanding the effects of a building block’s structure and shape in the construction of 
supramolecular and covalent architectures has proven instrumental in achieving efficient preparation 
of functionalized organic materials in fields such as metal-organic frameworks (MOFs),1 metallo-
supramolecular coordination-driven complexes,2 covalent organic cages,3 covalent organic 
frameworks (COFs),4 and dynamic covalent macrocyclic architectures5. Preparative methods of 
broad scope and generality allow for elucidation of structure-property relationships and exploration 
of new materials for potential applications such as sensors,6 gas storage,7 gas separation,8 and the 
detection of explosives9. A common strategy utilizes conformationally constrained building blocks 
because simple geometry and angle considerations enable high level of control over the anticipated 
products. Increasing a building block’s flexibility by, for example, the installation of aliphatic linkers, 
results in products with relaxed conformational constraints. This often yields complicated mixtures 
and large product distributions.10 Between the rigid aromatic and flexible aliphatic groups, systematic 
introduction of other functional groups with intermediate flexibility may bring insight into the 
effects of conformation on the preparation of macromolecular architectures and provide secondary 
functionality, thereby enabling rational design of novel, functional materials.  
Conjugated macrocycles are known to self-assemble via supramolecular interactions, resulting in 
one-dimensional nanofibers, porous networks, and even three-dimensional host-guest complexes 
depending upon shape and functional groups.11 Most common methods of synthesis rely on 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!
*!Portions of this Chapter are adapted from: Sisco, S. W.; Larson, B. M.; Moore, J. S. Submitted to 
Macromolecules 2014. 
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kinetically controlled reactions, whereby covalent bond formation is irreversible, providing little 
control over product distribution.11a,11d,12 These efforts often afford complex mixtures and low yields 
of the desired macrocycle.11a,11d,12 While this strategy leads to the desired product, dynamic covalent 
chemistry (DCC) has emerged over the past two decades as an alternative strategy.5 By performing 
reactions under thermodynamic control, the reversible formation of conjugated and functional 
macrocycles containing certain covalent bonds such as disulfides,13 imines,11b,14 alkenes,15 and 
alkynes16 have been achieved in high yields.  
 
Figure 3.1 – Shape-persistent (a) and less rigid, functionalized (b) AEMs. X-Y = a functional group. 
 
The development of alkyne metathesis16 has enabled thermodynamically controlled syntheses of 
conjugated arylene-ethynylene macrocycles (AEMs) as building blocks for functional organic 
materials.9,11a,11c,12a To take advantage of the reversible nature of a DCC reaction and achieve high 
yields, requires that the desired macrocycle is significantly more stable than other potential products 
so that the product distribution is narrow and the yield of the desired product is maximized.12a For 
AEMs, the energy landscape is biased to a narrow product distribution by using shape- and angle-
persistent systems containing rigid aromatic and alkyne groups (Figure 3.1a).5b,12a,16a-b Incorporating 
other functional groups such as esters, amides, sulfides, and alkenes into the backbone relaxes 
conformational constraints,17 and thus a broader product distribution is expected because of smaller 
enthalpic differences between macrocycles of various sizes.10a-c,12b Here in this Chapter, the goal is to 
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investigate the effect of different functional groups’ conformations on dynamic macrocycle synthesis 
in a systematic fashion while expanding current methodologies for constructing new macrocycles 
other than shape-persistent benzenoid-based AEMs (Figure 3.1b). These results are an important 
step toward establishing design rules for the rational synthesis of complex, functional macrocycles 
and predicting how small changes in structure, shape, and conformation influence the equilibrium 
and product distribution.  
 
3.2 Divergent Approach to Functionalized Poly(arylene-ethynylene)s 
 
Figure 3.2 – Investigation of monomer conformation in macrocycle synthesis via alkyne metathesis. a) Three 
functional group linkers: olefin, amide, N-methylamide. b) Two monomer shapes (MM and OP) with same 
60° angle but different connectivity (X-Y = linker, Ar’ = oligomer). c) Combination of three linkers and two 
monomer shapes results in six unique polymers for depolymerizaiton via alkyne metathesis. 
 
Building upon the initial work with oligoester AEMs,17 the goal was to investigate the impact of 
other functional group linkers, which exhibit different rotational barriers (i.e., conformational 
dynamics) and E-Z isomerization (i.e., conformational thermodynamics), on the synthesis and 
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product distribution of AEMs via alkyne metathesis (Figure 3.2). The olefin linker is the most rigid 
due to the π-bond and negligible E-Z isomerization. On the other hand, the less rigid amide and N-
methylamide linkers display similar rotational flexibility but different E-Z stabilities.18 For each of 
the three linkers (olefin, amide, and N-methylamide), two monomer shapes (Figure 3.2b) with the 
same 60° angle between alkyne groups but different connectivity were prepared resulting in six 
unique polymers. The 60° angle is intuitively expected to formation of the same-sized macrocycles 
(i.e., cyclic trimer) for each monomer shape, whereas the monomer connectivity influences shape 
and symmetry.19 
 
3.2.1 Monomer Synthesis Strategy 
 
Figure 3.3 – Divergent strategy for monomer synthesis. 
 
To effectively explore how conformation affects macrocyclization via alkyne metathesis, a 
divergent synthetic strategy was developed to prepare six unique monomers, containing the three 
linkers each with two different connectivities, from two common intermediates (Figure 3.3). 
Specifically, monomer synthesis utilized the same chemical transformations but different partners to 
provide the corresponding meta, meta (MM) or ortho, para (OP) substitution. The resulting monomers 
were polymerized using palladium-catalyzed Sonogashira coupling20 followed by depolymerization 
with reversible molybdenum-catalyzed alkyne metathesis to form the corresponding AEMs. The 
depolymerization strategy employs polymers as starting materials and takes advantage of the 
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entropic driving force of depolymerization, thereby obviating the need for specialized monomers 
with alkyne metathesis.16b This work highlights the utility of this method in efficiently accessing 
different macrocyclic architectures from common intermediates through a simple polymerization 
and depolymerization process.21  
 
Scheme 3.1 – Synthesis of common intermediates MM and OP. 
 
The common intermediate was designed to contain the ester group due to its ability to perform 
as a functional group handle and form other functional groups in relatively few synthetic steps. Both 
MM and OP intermediates were synthesized starting from their corresponding methyl iodosalicylate 
monomers 1 and 4, respectively (Scheme 3.1). Firstly, a tetradecyloxy chain was installed via 
etherification of the phenol group to help solubilize the polymers in the resulting steps. Next, 
Sonogashira coupling with (trimethylsilyl)acetylene was utilized to install the alkyne functionality 
which was deprotected in the following step to generate the two terminal alkyne intermediates MM 
and OP in overall yields of 63% and 79% from starting materials 1 and 4, respectively. The terminal 
alkyne functionality was installed because it can react under palladium-catalyzed Sonogashira cross-
coupling with aryl iodides to provide poly(arylene-ethynylene)s. Thus, simple aryl iodides can be 
purchased or synthesized to react with the common intermediates MM and OP and quickly 
generate structurally unique monomers and polymers. 
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3.2.2 Synthesis of Olefin Monomers 
As mentioned in the introduction, both meta, meta and ortho, para substituted monomers were 
synthesized. Thus meta and ortho functionalized aryl iodides needed to be prepared and coupled with 
the corresponding MM and OP intermediates. For the synthesis of the olefin-functionalized 
polymers, an olefin needed to be synthesized from the methyl ester. The classic set of Wittig and 
Horner-Wadsworth-Emmons reactions seemed like the best of choice since an aldehyde 
functionality can easily be attained from the methyl ester. Additionally, simple benzylphosphonates 
can be readily prepared from benzyl-based electrophiles. 
Synthesis of the benzylphosphonates utilized the Arbuzov reaction with triethyl phosphite and a 
corresponding benzyl electrophile (Scheme 3.2). Two diethyl iodobenzylphosphonates 8 and 10 were 
prepared from 3-iodobenzylbromide 7 and 2-iodobenzylbromide 9 in 91% and 97% yield, 
respectively. In addition, a functionalized benzylphosphonate containing a tetradecyloxy chain was 
prepared from methyl ester 2. Reduction of 2 with diisobutylaluminum hydride provided the 
corresponding benzyl alcohol which was reacted with methanesulfonyl chloride under basic 
conditions to afford the benzyl mesylate in an 84% yield over two steps. Next, the mesylate was 
subjected to the Arbuzov reaction with triethyl phosphite and sodium iodide to provide the 
functionalized diethyl iodobenzylphosphonate 13 in good yield. 
 
Scheme 3.2 – Synthesis of diethyl iodobenzylphosphonates. 
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Next, the aldehydes needed to be synthesized in order to perform the Horner-Wadsworth-
Emmons reaction to form the olefin monomers (Scheme 3.3). Beginning with the MM or OP 
methyl ester, reduction with diisobutylaluminum hydride followed by a Dess-Martin periodinane-
mediated oxidation yielded the aldehydes 15 and 17 in excellent yields. These two compounds were 
elaborated further via a Horner-Wadsworth-Emmons reaction with a functionalized diethyl 
3-iodobenzylphosphonate 13 or diethyl 2-iodobenzylphosphonate 10 to give the MM-CC and 
OP-CC monomer in 76% and 80% yield, respectively, over 3 steps. Diethyl 3-
iodobenzylphosphonate 8 was also reacted with aldehyde 15 to yield a monomer structurally similar 
to MM-CC but containing only one tetradecyloxy chain (see 24 in Section 3.7.2). However, 
monomer MM-CC was used in further polymerization and macrocyclization studies due to its 
higher symmetry which results in a product distribution that is easier to analyze and characterize 
after metathesis. The extra tetradecyloxy chain does not affect the metathesis reactivity and 
thermodynamic equilibrium.22  
 
Scheme 3.3 – Synthesis of MM-CC and OP-CC monomers. 
 
3.2.3 Synthesis of Amide Monomers 
A carboxylic acid and aniline were required to form the desired amide-based monomers (Scheme 
3.4). The same MM or OP methyl ester intermediates were hydrolyzed to provide the carboxylic 
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iodoaniline were coupled with 18 and 20 to provide the corresponding amide monomers 19 and OP-
NH, respectively. However, the corresponding polymer generated from amide monomer 19 is 
completely insoluble in common organic solvents.23 It was necessary to prepare a polyamide that is 
soluble in non-polar solvents which are most compatible with the molybdenum-based alkyne 
metathesis catalyst so that the effects of functional group conformation can be fully understood. 
 
Scheme 3.4 – Coupling with simple anilines for amide monomer 19 and OP-NH synthesis. 
 
To overcome this problem, a functionalized 3-iodoaniline was synthesized from 
1-iodo-3,5-dinitrobenzene (Scheme 3.5). A monomethyl triethyleneglycol chain (OTg) was installed 
via nucleophilic aromatic substitution of one nitro group followed by SnCl2-mediated reduction of 
the remaining nitro group to afford the functionalized 3-iodoaniline 23 in 54% yield over two steps. 
This aniline was then coupled with carboxylic acid 18 under standard carbodiimide conditions to 
afford the MM-NH monomer in good yield. 
 
Scheme 3.5 – Synthesis of MM-NH monomer. 
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The subsequent synthesis of the N-methyl tertiary amide monomers was simple. The amide 
monomers 19 and OP-NH were selectively methylated at the amide nitrogen using sodium hydride 
and methyl iodide (Scheme 3.6). Gratifyingly, no methylation was observed at the terminal alkyne. 
Both MM-NMe and OP-NMe monomers were isolated in a 94% and 77% yield, respectively. It is 
worthy to note that the OTg chain was not necessary to form polymer that is soluble in non-polar 
solvents from the MM-NMe monomer. 
 
Scheme 3.6 – Synthesis of NMe monomers. 
 
3.2.4 Polymer Synthesis 
The polymers were synthesized via palladium-catalyzed Sonogashira coupling of the 
corresponding monomers with Pd(PPh3)4 and CuI using THF/diisopropylamine as the solvent 
(Scheme 3.7). All polymers were isolated in yields ranging from 75 – 93% via precipitation from a 
saturated chloroform solution into methanol. In order to obtain high molecular weight polymer, it 
was necessary to polymerize at concentrations of 0.2M. At lower concentrations, the isolated 
product consists of mostly low molecular weight oligomers and some macrocyclic material. It is 
important that high molecular weight material is obtained to minimize the number of end groups, 
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All of the polymers are bimodal with large polydispersity index (PDI) (Figures 3.4 – 3.9, red trace); 
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funneled to macrocycles, the thermodynamic products, during subsequent alkyne metathesis. The 
three MM polymers have mass average molecular weights (Mw) of 20.7, 49.8, and 7.50 kDa as well 
as PDIs of 2.99, 5.17, and 4.43 for each MM-CCP, MM-NHP, and MM-NMeP, respectively 
(Figures 3.4 – 3.6, red trace). The three OP polymers have molecular weights (Mw) of 10.5, 17.8, and 
16.9 kDa as well as PDIs of 2.72, 5.63, and 2.34 for each OP-CCP, OP-NHP, and OP-NMeP, 
respectively (Figures 3.7 – 3.9, red trace). The molecular weights and PDIs were determined by gel 
permeation chromatography (GPC) with polystyrene standards. With these polymers in hand, the 
reactivity under alkyne metathesis was investigated to explore how changes in the functional group 
linker and conformational freedom affect the product distribution. 
 
Scheme 3.7 – Polymer synthesis via Sonogashira cross-coupling. Reaction conditions: a) 5 mol% Pd(PPh3)4, 
5 mol% CuI, THF/diisopropylamine, 60 °C, 48 h. Tg = (C2H4O)3CH3. 
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(TCB) (Scheme 3.8). After 24 hours the solvent was removed in vacuo and the crude material was 
analyzed by GPC and matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS). 
A significant shift towards lower molecular weight oligomers and a sharp peak was observed by 
GPC (Figure 3.4 – blue trace), and macrocycles ranging from cyclic trimer to cyclic hexamer were 
observed via MALDI-MS analysis. This material was further purified by precipitation from THF 
into methanol to provide a mixture of macrocycles. The MM-CC3 cyclic trimer is the major product 
by GPC and NMR. The yield was determined to be 50% by 1H NMR.26  
 
Scheme 3.8 – Depolymerization of MM-CCP. Ar = 3,5-dimethylphenyl. 
 
Figure 3.4 – GPC traces of MM-CCP (red), crude depolymerization (blue), and pure MM-CC3 (green). 
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cyclic trimer to cyclic hexamer were identified by MALDI-MS analysis. The cyclic trimer appears to 
be the major product by GPC and MALDI-MS; however, purification proved difficult due to the 
similar size and polarity of the cyclic oligomers and pure macrocycle was not obtained. Analysis by 
1H NMR was also difficult due to the non-C2 symmetry of the building block and different possible 
constitutional isomers for each size macrocycle. Nevertheless, the GPC and MALDI-MS data is 
useful to help understand the influence of conformation in macrocycle synthesis via alkyne 
metathesis. 
 
Scheme 3.9 – Depolymerization of MM-NHP. Tg = (C2H4O)3CH3. Ar = 3,5-dimethylphenyl. 
 
Figure 3.5 – GPC traces of MM-NHP (red) and crude depolymerization (blue). 
 
Lastly, the N-methylated polyamide MM-NMeP with a Mw of 7.50 kDa and a PDI of 4.43 was 
subjected to depolymerization conditions for 24 hours (Scheme 3.10). After removal of TCB 
solvent, the crude material was analyzed by GPC and a broad distribution was observed with two 
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distinct peaks (Figure 3.6 – blue trace). Analysis by MALDI-MS revealed a range of macrocycles 
from cyclic dimer to cyclic pentamer. The crude material was purified by preparative GPC using 
200-400 mesh cross-linked polystyrene as the solid support and dichloromethane as the eluent to 
provide the MM-NMe2 cyclic dimer as the major product in 38% yield. Separation and analysis of 
the other material, presumably larger macrocyclic species from cyclic trimer to pentamer, was 
challenging due to the presence of multiple constitutional and conformational isomers. 
 
Scheme 3.10 – Depolymerization of MM-NMeP. Ar = 3,5-dimethylphenyl. 
 
Figure 3.6 – GPC traces of MM-NMeP (red), crude depolymerization (blue), and pure MM-NMe2. 
 
3.4 Depolymerization and Macrocyclization of OP Polymers 
The resulting OP polymers displayed bimodal chromatograms and large PDIs similar to the 
MM polymers. However, the depolymerization behavior and macrocycle product distributions were 
different. Starting with the more rigid olefin linker, the polymer OP-CCP with a Mw of 10.5 kDa and 
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PDI of 2.72 was added to a solution of 10 wt% EtC≡Mo[NAr(tBu)]3) catalyst and triphenylsilanol as 
a ligand in TCB (Scheme 3.11). After 24 hours, the solvent was removed and the crude material was 
analyzed by GPC and MALDI-MS. Strikingly, only one sharp peak was observed by GPC that was 
identified to be cyclic trimer by MALDI-MS (Figure 3.7 – blue trace). Precipitation of this material 
from THF into methanol resulted in a yellow solid, and the OP-CC3 macrocycle was isolated in an 
88% yield.  
 
Scheme 3.11 – Depolymerization of OP-CCP. Ar = 3,5-dimethylphenyl. 
 
Figure 3.7 – GPC traces of OP-CCP (red), crude depolymerization (blue), and pure OP-CC3 (green). 
 
Interestingly, polymer OP-NHP with a Mw of 17.8 kDa and a PDI of 5.63 was subjected to the 
same alkyne metathesis conditions in TCB for 24 hours (Scheme 3.12), and a slightly broader 
product distribution was observed by GPC after solvent removal (Figure 3.8 – blue trace). 
Macrocycles ranging from cyclic trimer to cyclic heptamer were identified in the MALDI-MS 
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spectra. Purification of the crude material was achieved via preparative thin-layer chromatography 
(prep TLC) to obtain the cyclic trimer OP-NH3 as the major product in 55% yield.  
 
Scheme 3.12 – Depolymerization of OP-NHP. Ar = 3,5-dimethylphenyl. 
 
Figure 3.8 – GPC traces of OP-NHP (red), crude depolymerization (blue), and pure OP-NH3 (green). 
 
Finally, polymer OP-NMeP with a Mw of 16.9 kDa and PDI of 2.34 was depolymerized under 
the same conditions (Scheme 3.13) and a very broad product distribution was seen by GPC after 
24 hours (Figure 3.9 – blue trace). This depolymerization outcome gave a large distribution of 
macrocycles ranging from cyclic trimer to cyclic octamer as observed by MALDI-MS analysis. 
Purification and product analysis was quite difficult due to the similar polarity and size of the 
macrocycles as well as the presence of multiple constitutional isomers for each macrocycle. The 
GPC and MALDI-MS data indicate a very broad distribution of products after alkyne metathesis 
unlike the olefin and amide systems. 
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Scheme 3.13 – Depolymerization of OP-NMeP. Ar = 3,5-dimethylphenyl. 
 
Figure 3.9 – GPC traces of OP-NMeP (red) and crude depolymerization (blue). 
 
3.5 Effects of Conformation and Torsional Axes 
It is relatively simple to predict the major product in dynamic macrocycle synthesis involving 
rigid, angle-persistent building blocks. Typically, the macrocycle with the smallest ring size and 
lowest ring strain will be formed in the highest yield; and the overall product distribution correlates 
to the difference in ring strain between macrocycles.12a Entropy favors formation of the smallest 
macrocycle because it maximizes the number of species in solution, and enthalpy favors the lowest 
ring strain. A narrow product distribution is obtained in a system with rigid building blocks where 
one macrocycle is significantly less strained than all the others. Relaxing conformational constraints 
through rotational flexibility or E-Z isomerization lessens the differences of ring strain between 
macrocycles, resulting in broader product distributions. Analysis of the bond rotational barriers and 
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conformational equilibrium explains some of the differences between macrocyclic product 
distributions as observed by GPC and MALDI-MS analysis. Furthermore, it was discovered that the 
monomer’s shape and connectivity have a strong impact on achieving narrow distributions of 
macrocycles containing non-rigid functional groups. 
Table 3.1 – Rotational barriers and EZ isomerization values of each monomer structure. 
 
a Values are in kcal/mol. b See ref 28. c See ref 27. d See ref 29.  
e See Section 3.7.7.1 for DFT B3LYP/6-31G* calculation. f See Sections 3.7.7.2 – 3.7.7.5 for dynamic NMR experiments, 
as well as estimation of ΔG‡ and ΔGEZ. 
 
3.5.1 The Olefin Linker 
The alkene group in the MM/OP-CCP polymers is the most rigid of the three linkers 
investigated in this study. This group introduces two Csp2-Csp2 σ-bonds that have low barriers to 
rotation and a carbon-carbon π-bond (Table 3.1). The major isomer is the E-alkene, and 
isomerization to the Z-alkene can only proceed with photoexcitation under high-energy UV 
irradiation or significant thermal activation (>45 kcal/mol).27 The rotational energy barrier around 
the Caryl-Calkene has been calculated at the B3LYP level to range between 4.0-5.1 kcal/mol depending 
on the basis set (cc-pVTZ, cc-pVQZ, or cc-pV∞Z), which is relatively small.28 Despite the low 
barrier to rotation of the Caryl-Calkene σ-bonds, the conjugative nature and rigidity of the alkene π-bond 
helps planarize the structure, thereby providing the most narrow product distributions after alkyne 
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metathesis for each MM and OP systems. In fact, the cyclic trimer is the only observed macrocyclic 
product after depolymerization of the OP-CC system. For the MM system, the cyclic trimer is also 
the major product; however, larger macrocycles are also observed by GPC, MALDI-MS, and 1H 
NMR. To our knowledge, this is the first reported synthesis of conjugated macrocycles containing 
alternating alkene and alkyne groups. 
 
3.5.2 The Amide Linker 
The next group explored was a secondary amide linker, which has relaxed conformational 
constraints compared to the olefin due to the absence of a backbone π-bond (Table 3.1). Similar to 
the alkene, the amide E-isomer is also the major isomer and is thermodynamically favored over the 
Z-isomer by a ΔG = 4.6 kcal/mol.29 The rotational energy barrier of the two Caryl-Ccarbonyl and the 
Caryl-Namide σ-bonds at the B3LYP/6-31G* level was determined to be 4.0 kcal/mol and 4.7 
kcal/mol, respectively.29 While these values are similar to the aryl-alkene σ-bond rotational barriers, 
there is one additional σ-bond being the amide Ccarbonyl-Namide that has a larger rotational energy 
barrier of 14.3 kcal/mol.29 This large barrier is due to n – π* resonance in the ground state that is 
absent in the rotational transition state.30 However, this high barrier does not preclude the internal 
amide bond from any rotation; the internal rotation from 0° to 50° has a low barrier of only ca. 5 
kcal/mol,29 and it is fast on the 1H NMR timescale since only the E isomer is observed at 20 °C. 
This rotation enables the NH monomers to exhibit relaxed conformational constraints such that 
larger macrocycles are thermodynamically accessible due to lessening of ring strain. Experimentally, 
the relaxed conformations of the MM/OP-NH systems leads to a larger macrocyclic product 
distribution versus the CC system as observed by GPC and MALDI-MS analysis after alkyne 
metathesis. Comparing the OP system with the MM system, a narrower distribution is obtained for 
the OP-NHP depolymerization as observed by GPC and MALDI-MS, with the cyclic trimer OP-
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NH3 being isolated in a moderate 55% yield. By simply changing the monomer shape to the meta, 
meta (MM) connectivity, a much broader distribution is observed by GPC. Although the OP and 
MM systems are isostructural, having the same types of rotatable bonds, their shapes result in 
different outcomes after alkyne metathesis (see Section 3.5.4). 
 
3.5.3 The N-Methyl Amide Linker 
The final linker was a tertiary N-methylated amide group that alters the conformational ground 
state relative to the other two systems (Table 3.1). The rotational energy barriers for 
(Z)-N-methylbenzanilide are also relatively low; barriers of 3.2 kcal/mol and 2.7 kcal/mol for Caryl-
Ccarbonyl and the Caryl-Namide σ-bonds, respectively, calculated at the B3LYP/6-31G* level.31 Compared 
to the other two linkers, the Z-isomer is thermodynamically favored over the E-isomer for 
N-methylbenzanilides.18 Using variable temperature NMR, a rotational energy barrier of 14.2 
kcal/mol and 18.5 kcal/mol for the Ccarbonyl-Namide amide bond was determined for the MM-NMe 
and OP-NMe monomers, respectively.32 For the MM-NMe monomer, a ΔGEZ = 0.89 kcal/mol in 
favor of the more stable Z-isomer was determined by 1H NMR.33 Additionally, a ΔGEZ = 0.80 
kcal/mol was determined in favor of the Z-isomer for the OP-NMe monomer.33 
 
3.5.3.1 Effect of Temperature on NMe Depolymerization 
It is expected that higher temperature will provide additional energy to help overcome the 
rotational barrier of the amide C-N bond, which will impact the macrocycle product distribution 
from alkyne metathesis. To investigate the effect of temperature on the macrocycle distributions, the 
alkyne metathesis-mediated depolymerization was set up at both room temperature and 80 °C. At 
room temperature, both NMe systems displayed larger product distributions than the alkene and 
amide-based polymers. A bimodal yet relatively narrow distribution was obtained for the MM-NMe 
system (Figure 3.6 – blue trace), and a very broad distribution was obtained for the OP-NMeP 
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depolymerization (Figure 3.9 – blue trace). Depolymerization at 80 °C reversed the product 
distribution: the MM-NMe distribution increased towards larger molecular weight material (Figure 
3.10a – black trace) whereas the OP-NMe distribution narrowed (Figure 3.10b – grey trace). This 
result was confirmed by MALDI-MS analysis of the crude material after metathesis (up to cyclic 
nonamer for MM-NMe and only up to cyclic hexamer for OP-NMe).  
 
Figure 3.10 – Effect of temperature on MM/OP-NMeP depolymerization. a) MM-NMeP (green), crude 
MM-NMeP depolymerization at 25 °C (purple), and crude MM-NMeP depolymerization at 80 °C (black). b) 
OP-NMeP (red), crude OP-NMeP depolymerization at 25 °C (blue), and crude OP-NMeP depolymerization 
at 80 °C (grey). 
 
During metathesis at room temperature, the Z-isomer is the preferred conformation, but the 
E-isomer becomes more populated as the temperature rises due to faster amide bond rotation. For 
the MM-NMeP polymer system, both isomers can lead to various macrocycles of similar stability 
due to the monomer geometry.34 Irrespective of the temperature, the MM-NMe2 cyclic dimer is the 
major macrocyclic product after depolymerization, while the OP monomer geometry favors 
macrocycles containing the E-amide bond.34 As the temperature is raised, more of the E-isomer 
becomes available leading to the stable macrocycle species and narrowing the product distribution 
for the high temperature OP depolymerization. Regardless of the temperature for alkyne metathesis, 
NMe polymers give the broadest product distribution for both MM/OP geometries. This result 
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could potentially be explained by the small ΔGEZ = 0.89 kcal/mol for MM and ΔGEZ = 80 kcal/mol 
for OP between the E-Z isomers, which allows both isomers to react under metathesis and form 
energetically stable macrocycles, thereby effectively increasing the number of oligomers that can 
form macrocycles of similar stability. 
 
3.5.4 Effect of Torsional Axes  
As the linker was changed from alkene to amide to N-methylamide, the relative product 
distribution became increasingly broad after alkyne metathesis, irrespective of the monomer’s 
connectivity. On the other hand, the monomer geometry also has an important role. For both alkene 
and amide linkers where the E-isomer was the major species, the OP polymer provided a 
significantly narrower product distribution from alkyne metathesis. In the previous Chapter 2 on 
oligoester cyclooligomers, the observed disparate macrocycle formation was explained due to the 
congruent and incongruent shapes of the MM and OP monomers.17 However, this shape analysis 
only helped explain the selective formation of directional cyclooligomers. To help further rationalize 
why the OP polymers provided narrower product distributions, we compared and contrasted the 
conformational constraints of the two monomers (Figure 3.11). Using the alkene monomer unit as 
an example, both have the same 60° angle between the alkyne groups but different number of 
rotatable σ-bonds (ignoring the alkene bond). This results in three unique torsional axes in the MM 
monomer due to the meta, meta substitution pattern whereas there are only two unique torsional axes 
in the OP monomer due to the ortho, para substitution pattern. Specifically, the para substitution of 
the OP monomer extends one torsional axis, so rotation of any of those four σ-bonds (Figure 3.11 
– red bonds) corresponds to the same dihedral angle. The addition of another unique torsional axis 
in the MM system leads to more relaxed conformational constraints resulting in broader product 
distributions. Larger MM macrocycles are more easily accessible than the corresponding OP 
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macrocycles because of the reduced ring strain. This strategy can be further applied in other areas of 
DCC and self-assembly to enable efficient preparation of new materials by narrowing the 
distribution of products through the minimization of a monomer’s torsional axes. 
 
Figure 3.11 – Torsional axes of MM/OP monomers (tetradecyloxy groups removed for clarity). 
 
3.6 Conclusions 
In most DCC systems and other self-assembled macromolecular architectures, the incorporation 
of flexible bonds or functional groups within the monomer unit often leads to broad or complicated 
mixtures of macrocyclic compounds.10 In particular, only the synthesis of shape-persistent, 
conjugated AEMs has been achieved in excellent yields with alkyne metathesis. While benzenoid-
based AEMs are well-studied materials; it is advantageous to expand the scope of alkyne metathesis 
to access AEMs containing different functional groups to modulate the corresponding material 
properties. The goal of this work was to explore how controlled changes in conformational 
constraints and connectivity affect dynamic macrocycle synthesis to elucidate the factors that 
influence the assembly of macrocyclic architectures. To accomplish this, a divergent polymer 
synthesis strategy was coupled to a depolymerization-macrocyclization technique using the dynamic 
alkyne metathesis reaction to efficiently explore how different functional groups affect 
macrocyclization. Analysis of the depolymerization behavior of the polymer systems have reinforced 
the hypothesis that relaxing conformational constraints broadens product distribution due to larger 
macrocycles having lower ring strain. In addition, it was determined that monomers capable of E-Z 
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conformational isomers must have a sufficiently large stability difference so that primarily one 
isomer is incorporated into the macrocycles to attain a narrow product distribution. Most 
importantly, a narrow product distribution and high yields of functional macrocycles are achieved by 
designing the monomer to have a minimal number of torsional axes as in the OP monomers. This 
design rule will enable the efficient preparation of macrocycles containing almost any type of flexible 
or rigid functional groups via dynamic covalent chemistry.  
 
3.7 Experimental Section 
 
3.7.1 General Information 
All air or moisture-sensitive manipulations were performed under an atmosphere of nitrogen 
using standard Schlenk techniques or in an-argon filled glove box. Analytical thin-layer 
chromatography (TLC) was performed on Kieselgel F-254 precoated silica gel plates. Visualization 
was performed with UV light (254 nm). Flash chromatography was performed using 60 Å silica gel 
from Silicycle, Inc. Preparative TLC was performed using Kieselgel F-254 precoated silica gel plates 
(L x W: 20 cm x 20 cm, silica thickness: 1 mm) from Silicycle, Inc. All polymerization and metathesis 
reactions were prepared in an argon-filled glove box and run under an inert atmosphere; the reaction 
vessels were 20 mL I-CHEM vials fitted with PTFE/Silicone septa purchased from VWR 
International. All glassware was oven-dried prior to use. 
Unless otherwise stated, all starting materials and reagents were purchased from Sigma-Aldrich 
and used without further purification. Palladium tetrakis(triphenylphosphine) and 
bis(triphenylphosphine) palladium(II) dichloride were purchased from Strem Chemicals, Inc., 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide Hydrochloride (EDC) was purchased from TCI 
America, and TMS-acetylene was purchased from GFS Chemicals, Inc. The following compounds 
were prepared according to literature procedures: tris[N-(tert-butyl)(3,5-
dimethylphenyl)amido]molybdenum (VI) propylidyne (EtC≡Mo[NAr(tBu)]3)
35 and compound 117. 
Tetrahydrofuran (THF) and toluene was obtained from a Solvent Delivery System (SDS) equipped 
with activated neutral alumna columns under argon. Dichloromethane (DCM) was dried over 3Å 
MS and stored under nitrogen. 
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1H, 13C NMR, and 31P NMR spectra were obtained on Varian Unity 400 MHz, Varian Unity 500 
MHz, Varian VXR 500 MHz, and Inova 500NB spectrometers. All spectra were recorded in CDCl3, 
CD2Cl2, or toluene-d8 at 20 °C unless noted otherwise. Chemical shifts are reported in δ (ppm) 
relative to the residual solvent peak (CDCl3: 7.26 for 
1H, 77.2 for 13C; CD2Cl2: 5.32 for 
1H, 53.8 for 
13C; toluene-d8: 6.96 for 
1H). Coupling constants (J) are expressed in hertz (Hz). Splitting patterns are 
designated as: s (singlet), d (doublet), t (triplet), dd (doublet of doublets), m (multiplet), bs (broad 
singlet), bd (broad doublet), bm (broad multiplet). Low-resolution EI and ESI mass spectra were 
recorded on a Micromass 70-VSE spectrometer and Waters Quattro II spectrometer, respectively. 
High-resolution EI and ESI mass spectra were recorded on a Micromass 70-VSE spectrometer and 
Micromass Q-TOF Ultima spectrometer. MALDI mass spectra were recorded on a Bruker 
Daltonics UltrafleXtreme MALDI TOFTOF spectrometer. FD mass spectra were recorded on a 
Micromass 70-VSE spectrometer. Analytical gel permeation chromatography (GPC) analyses were 
performed on a system composed of a Waters 515 HPLC pump, a Thermoseparations Trace series 
AS100 autosampler, a series of three Waters HR Styragel columns (7.8’ 300 mm, HR3, HR4, and 
HR5), and a Viscotek TDA Model 300 triple detector array in HPLC grade THF (flow rate = 0.9 
mL/min) at 30 °C. The GPC was calibrated using a series of monodisperse polystyrene standards. 
Molecular modeling and calculations were completed using the Spartan ‘10 Quantum Mechanics 
Program (Version 1.1.0; Wavefunction, Inc.). The potential energy surface was scanned at every 10° 
intervals for the torsional angles geometry optimization at the DFT-B3LYP level using the 6-31G* 
basis set. Geometry optimization and frequency calculations were completed at the Semi-Empirical 
RM1 level. 
 
3.7.2 Synthesis of MM Monomers 
 
 
Methyl 5-iodo-2-tetradecyloxybenzoate (2). In a 300 mL round bottom flask equipped with a 
reflux condenser, methyl 2-hydroxy-5-iodobenzoate 1 (5.05 g, 18.1 mmol, 1 equiv), anhydrous 
K2CO3 (4.52 g, 32.7 mmol, 1.8 equiv), 1-bromotetradecane (8.9 mL, 32.7 mmol, 1.8 equiv) and 
acetone (100 mL) were combined. The mixture was refluxed under N2 for 48 hours after which it 
was concentrated to a pale yellow-white solid. The crude solid was dissolved in DCM (250 mL), 
CO2Me
I
H29C14O
2
CO2Me
I
OH
1
K2CO3, C14H29Br 
acetone, reflux, 48 h
75%
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washed with saturated NaHCO3 solution (2 x 100 mL), and then dried over MgSO4 and 
concentrated to a colorless oil. The crude oil was purified by column chromatography [silica gel, 
gradient hexane/DCM 9:1 to 1:1 (1 L)] to obtain 2 as a colorless oil which solidified to a white solid 
(6.45 g, 13.6 mmol, 75%). 1H NMR (500 MHz, CDCl3): δ 8.04 (d, J = 2.5 Hz, 1H, ArH), 7.68 (dd, J 
= 2, 8.5 Hz, 1H, ArH), 6.72 (d, J = 9 Hz, 1H, ArH), 3.99 (t, J = 6.5 Hz, 2H, OCH2), 3.87 (s, 3H, 
OCH3), 1.81 (m, 2H, CH2), 1.32 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C 
NMR (125 MHz, CDCl3): δ 165.7, 158.7, 142.1, 140.2, 122.7, 115.7, 81.70, 69.39, 52.40, 32.20, 29.95, 
29.93, 29.87, 29.84, 29.64, 29.57, 29.28, 26.14, 22.97, 14.41; LR-MS (ESI+): m/z (%): 497.2 (11.4), 
476.2 (23.5), 475.2 (100), 444.1 (10.4), 443.1 (47.1), 279.0 (29.8); HR-MS (ESI+): Calc for C22H36O3I 
(M+H)+ 475.1709, Found 475.1711. 
 
 
Methyl 2-tetradecyloxy-5-(trimethylsilyl)ethynylbenzoate (3). In a 100 mL Schlenk flask under 
a positive flow of N2 were charged 2 (3.30 g, 6.95 mmol, 1 equiv), CuI (66 mg, 0.348 mmol, 0.05 
equiv) and Pd(PPh3)2Cl2 (122 mg, 0.174 mmol, 0.025 equiv) then capped with a rubber septum. The 
flask was evacuated and backfilled with N2 three times. The solids were dissolved in 35 mL 
anhydrous piperidine to give a light yellow solution followed by addition of (trimethylsilyl)acetylene 
(4.9 mL, 34.8 mmol, 5 equiv). The reaction was stirred for 18 hours at room temperature under N2. 
After 18 hours, the brown slurry was diluted with EtOAc (50 mL) and filtered through a small silica 
pad. The filtrate was concentrated to a dark brown oily residue and purified by column 
chromatography [silica gel, hexane (500 mL) then hexane/EtOAc 97.5:2.5 (750 mL)] to obtain 3 as a 
thick reddish-brown oil (2.85 g, 6.40 mmol, 92%). 1H NMR (500 MHz, CDCl3): δ 7.89 (d, J = 2 Hz, 
1H, ArH), 7.50 (dd, J = 2, 8.5 Hz, 1H, ArH), 6.84 (d, J = 8.5 Hz, 1H, ArH), 4.00 (t, J = 6.5 Hz, 2H, 
OCH2), 3.86 (s, 3H, OCH3), 1.82 (m, 2H, CH2), 1.46 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.87 (t, J = 
7 Hz, 3H, CH3), 0.22 (s, 9H, Si(CH3)3; 
13C NMR (125 MHz, CDCl3): δ 166.2, 158.9, 136.9, 135.8, 
120.5, 115.1, 113.1 104.2, 93.50, 69.23, 52.19, 32.17, 29.93, 29.91, 29.84, 29.81, 29.60, 29.56, 29.28, 
26.12, 22.94, 14.36, 0.21; LR-MS (ESI+): m/z (%): 446.3 (33.3), 445.3 (100), 414.3 (12.8), 413.3 
(41.5), 249.1 (10.3); HR-MS (ESI+): Calc for C27H45O3Si (M+H)
+ 445.3138, Found 445.3142. 
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2
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TMS
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Methyl 5-ethynyl-2-tetradecyloxybenzoate (MM). In a 200 mL round bottom flask, 3 (2.30 g, 
5.17 mmol, 1 equiv) was dissolved in 103 mL THF, followed by addition of TBAF [1M, THF] (6.5 
mL, 6.50 mmol, 1.25 equiv) and acetic acid (0.38 mL, 6.64 mmol, 1.3 equiv). The resulting brown 
solution was stirred at room temperature for 10 minutes then concentrated to a brown oil. The 
crude material was dissolved with silica gel and then purified by column chromatography [silica gel, 
hexane (200 mL), then hexane/EtOAc 95:5 (600 mL)] to obtain MM as a white solid (1.77 g, 4.75 
mmol, 92%). 1H NMR (500 MHz, CDCl3): δ 7.91 (d, J = 2 Hz, 1H, ArH), 7.53 (dd, J = 2, 9 Hz, 1H, 
ArH), 6.88 (d, J = 9 Hz, 1H, ArH), 4.02 (t, J = 6.5 Hz, 2H, OCH2), 3.87 (s, 3H, OCH3), 3.00 (s, 1H, 
CCH) 1.82 (m, 2H, CH2), 1.45 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.87 (t, J = 7 Hz, 3H, CH3); 
13C 
NMR (125 MHz, CDCl3): δ 166.2, 159.1, 137.2, 135.8, 120.7, 114.0, 113.2 82.85, 76.73, 69.30, 52.29, 
32.19, 29.95, 29.93, 29.86, 29.84, 29.63, 29.57, 29.29, 26.14, 22.96, 14.39; LR-MS (ESI+): m/z (%): 
396.3 (25.1), 395.3 (100), 373.3 (14.6), 341.2 (25.6), 177.1 (9.8); HR-MS (ESI+): Calc for C24H37O3 
(M+H)+ 373.2743, Found 373.2740. 
 
 
5-ethynyl-2-tetradecyloxybenzyl alcohol (14). In a 100 mL Schlenk flask, MM (1.53 g, 4.11 
mmol, 1 equiv) was dissolved in anhydrous DCM (50 mL) and cooled to -30 °C (ethylene 
glycol/EtOH dry ice bath) under N2. After cooling, DIBALH [1M, hexane] (9 mL, 9.0 mmol, 2.2 
equiv) was added drop-wise and the reaction was allowed to warm up to room temperature while 
stirring for 4 hours. Then the reaction was quenched with MeOH then H2O, after which a 10 w/v% 
aqueous solution of Rochelle salt [potassium sodium tartrate] (40 mL) was added to the flask and the 
solution was vigorously stirred for 45 minutes. The reaction mixture was further diluted with DCM, 
and the aqueous layer was extracted with DCM (3 x 100 mL) and then dried over MgSO4. The 
solution was concentrated to obtain 14 as a white solid (1.38 g, 4.01 mmol, 97%). 1H NMR (500 
MHz, CDCl3): δ 7.43 (s, 1H, ArH), 7.40 (d, J = 8.5 Hz, 1H, ArH), 6.79 (d, J = 8.5 Hz, 1H, ArH), 
4.65 (s, 2H, CH2O), 4.01 (t, J = 6.5 Hz, 2H, OCH2), 2.99 (s, 1H, CCH), 2.3 (bs, 1H, OH), 1.81 (m, 
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2H, CH2), 1.45 (m, 2H, CH2), 1.26 (bm, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 
MHz, CDCl3): δ 157.5, 133.2, 132.5, 129.7, 114.2, 111.1, 83.82, 76.02, 68.47, 61.92, 32.16, 29.90, 
29.89, 29.82, 29.79, 29.59, 29.58, 29.39, 26.33, 22.93, 14.34; LR-MS (ESI+): m/z (%): 477.3 (12), 
475.3 (19), 461.3 (20), 459.3 (50), 457.3 (53), 369.3 (32), 367.3 (100), 341.3 (19), 329.3 (24), 327.3 
(96); HR-MS (ESI+): Calc for C23H36O2 (M+Na)
+ 367.2613, Found 367.2613. 
 
 
5-ethynyl-2-tetradecyloxybenzaldehyde (15). In a 200 mL round bottom flask, 14 (1.38 g, 4.01 
mmol, 1 equiv) was dissolved in DCM (50 mL), and then Dess-Martin periodinane (2.04 g, 4.82 
mmol, 1.2 equiv) was added to the reaction mixture. The solution was stirred for 1 hour under N2 
after which the solution was diluted with DCM (20 mL) and saturated NaHCO3 solution (25 mL) 
then stirred for 20 minutes. The two layers were separated and the organic layer was washed with 
saturated Na2S2O3 solution (50 mL) then brine (2 x 100 mL). Next, the solution was dried over 
MgSO4 and concentrated with silica gel. The crude material was purified by column chromatography 
[sililca gel, hexane/EtOAc 93:7 (750 mL)] to obtain 15 as a white powder (1.14 g, 3.33 mmol, 83%). 
1H NMR (400 MHz, CDCl3): δ 10.4 (s, 1H, CHO), 7.94 (d, J = 2 Hz, 1H, ArH), 7.62 (dd, J = 2, 8.8 
Hz, 1H, ArH), 6.92 (d, J = 8.8 Hz, 1H, ArH), 4.08 (t, J = 6.4 Hz, 2H, OCH2), 3.02 (s, 1H, CCH), 
1.84 (m, 2H, CH2), 1.47 (m, 2H, CH2), 1.25 (bm, 20H, CH2), 0.87 (t, J = 6.8 Hz, 3H, CH3); 
13C NMR 
(100 MHz, CDCl3): δ 189.0, 161.6, 139.4, 132.4, 124.8, 114.6, 112.8, 82.49, 76.88, 68.99, 32.10, 29.82, 
29.75, 29.71, 29.53, 29.48, 29.14, 26.16, 22.87, 14.31; LR-MS (ESI+): m/z (%): 381.2 (11), 365.2 
(27), 345.3 (16), 344.3 (24), 343.3 (100), 242.0 (8), 147.0 (43); HR-MS (ESI+): Calc for C23H35O2 
(M+H)+ 343.2637, Found 343.2641. 
 
 
5-iodo-2-tetradecyloxybenzyl alcohol (11). In a 100 mL Schlenk flask, 2 (2.02 g, 4.25 mmol, 1 
equiv) was dissolved in anhydrous DCM (40 mL) and cooled to -30 °C (ethylene glycol/EtOH dry 
ice bath). After cooling, DIBALH [1M, DCM] (9.4 mL, 9.4 mmol, 2.2 equiv) was added drop-wise 
OH
H29C14O
14
O
H29C14O
15
OI
O
AcO OAcAcO
DCM, rt, 1 h
83%
OH
I
H29C14O
11
CO2Me
I
H29C14O
2
DIBALH
DCM, -30 oC to rt, 4 h
97%
      108 
and the reaction was allowed to warm up to room temperature while stirring for 4 hours. Then the 
reaction was quenched with MeOH then H2O, after which a 10 w/v% aqueous solution of Rochelle 
salt [potassium sodium tartrate] (40 mL) was added to the flask and the solution was vigorously 
stirred for 45 minutes. The reaction mixture was further diluted with DCM, and the aqueous layer 
was extracted with DCM (3 x 100 mL) and then dried over MgSO4. The solution was concentrated 
to obtain 11 as a white solid (1.85 g, 4.13 mmol, 97%). 1H NMR (500 MHz, CDCl3): δ 7.57 (s, J = 
1.5 Hz, 1H, ArH), 7.52 (dd, J = 1.5, 8.5 Hz, 1H, ArH), 6.63 (d, J = 8.5 Hz, 1H, ArH), 4.63 (s, 2H, 
CH2O), 3.97 (t, J = 6.5 Hz, 2H, OCH2), 2.25 (bs, 1H, OH), 1.79 (m, 2H, CH2), 1.44 (m, 2H, CH2), 
1.26 (bm, 20H, CH2), 0.88 (t, J = 6 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 156.9, 137.7, 
137.2, 132.0, 113.6, 82.92, 68.49, 61.67, 32.21, 29.98, 29.95, 29.93, 29.87, 29.83, 29.65, 29.61, 29.40, 
26.36, 22.98, 14.42; LR-MS (EI+): m/z (%): 447.2 (22), 446.2 (100), 249.9 (21), 231.9 (70); HR-MS 
(EI+): Calc for C21H35O2I (M+H)
+ 446.1682, Found 446.1673. 
 
 
5-iodo-2-tetradecyloxybenzyl methanesulfonate (12). In a 50 mL Schlenk flask, 11 (1.76 g, 3.94 
mmol, 1 equiv) was dissolved in anhydrous toluene (20 mL) and anhydrous triethylamine (0.6 mL, 
5.92 mmol, 1.5 equiv). The reaction mixture was cooled to 0 °C under N2 and methanesulfonyl 
chloride (0.41 mL, 5.25 mmol, 1.33 equiv) was added drop-wise and allowed to warm up to room 
temperature while stirring over night. After 18 hours, the reaction was quenched with H2O, diluted 
with EtOAc and washed with brine (2 x 50 mL) followed by drying over MgSO4. The solution was 
concentrated to obtain 12 as a white solid (1.81 g, 3.44 mmol, 87%). 1H NMR (500 MHz, CDCl3): δ 
7.65 (s, 1H, ArH), 7.62 (d, J = 8.5 Hz, 1H, ArH), 6.67 (d, J = 8.5 Hz, 1H, ArH), 5.22 (s, 2H, CH2O), 
3.99 (t, J = 7 Hz, 2H, OCH2), 3.00 (s, 3H, SCH3), 1.79 (m, 2H, CH2), 1.44 (m, 2H, CH2), 1.26 (bm, 
20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3; 
13C NMR (100 MHz, CDCl3): δ 157.1, 139.6, 138.9, 124.5, 
114.0, 82.83, 68.77, 66.45, 38.05, 32.17, 29.90, 29.86, 29.81, 29.61, 29.57, 29.28, 26.21, 22.94, 14.39; 
LR-MS (EI+): m/z (%): 526.1 (9), 525.1 (21), 524.1 (80), 466.1 (11), 464.1 (30), 446.2 (10), 430.2 
(12), 428.2 (8), 327.9 (29), 269.9 (11), 267.9 (31), 247.9 (7), 232.9 (25), 231.9 (100), 203.9 (8) ; HR-MS 
(EI+): Calc for C22H37O4SI (M+H)
+ 524.1457, Found 524.1453. 
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Diethyl 5-iodo-2-tetradecyloxybenzylphosphonate (13). In a 25 mL round bottom flask, 12 (1.68 
g, 3.20 mmol, 1 equiv), NaI (576 mg, 3.84 mmol, 1.2 equiv), and P(OEt)3 (8 mL) were combined and 
the flask was sealed with a rubber septum. The reaction mixture was heated to 135 °C for 24 hours. 
Next the reaction was cooled to 100 °C and excess P(OEt)3 was removed via vacuum distillation. 
The residue was then dissolved in EtOAc, washed with brine (2 x 50 mL), and dried over MgSO4. 
The solution was concentrated to a light yellow oil and purified by column chromatography [silica 
gel, hexane/EtOAc 3:1 (800 mL)] to obtain 13 as a light yellow oil which slowly solidified to a light 
yellow solid (1.55 g, 2.74 mmol, 86%). 1H NMR (400 MHz, CDCl3): δ 7.58 (t, J = 2.8 Hz, 1H, ArH), 
7.45 (dt, J = 2, 8.4 Hz, 1H, ArH), 6.60 (d, J = 8.8 Hz, 1H, ArH), 4.03 (m, 4H, OCH2), 3.91 (t, J = 6.4 
Hz, 2H, OCH2), 3.18 (d, J = 21.6 Hz, 2H, CH2), 1.77 (m, 2H, OCH2), 1.44 (m, 2H, CH2), 1.26 (bm, 
20H, CH2), 1.23 (s, 6H, CH3), 0.87 (t, J = 6.4 Hz, 3H, CH3); 
13C NMR (100 MHz, CDCl3): δ 156.8, 
139.8, 137.0, 123.6, 113.9, 82.51, 68.76, 62.19, 32.14, 29.91, 29.88, 29.82, 29.80, 29.61, 29.57, 29.44, 
27.14, 26.29, 25.75, 22.90, 16.60, 14.32; 31P NMR (162 MHz, CDCl3): δ 23.15; LR-MS (EI+): m/z 
(%): 590.2 (8), 568.2 (28), 567.2 (100); HR-MS (EI+): Calc for C25H45O4PI (M+H)
+ 567.2100, Found 
567.2097. 
 
 
(E)-5-ethynyl-1-(5-iodo-2-tetradecyloxystyryl)-2-tetradecyloxybenzene (MM-CC). In a 50 mL 
3-neck round bottom, NaH [60 wt% dispersion, mineral oil] (126 mg, 3.15 mmol, 1.5 equiv) was 
added along with anhydrous THF (8 mL) under N2. The reaction was cooled to 0 °C and a solution 
of 13 (1.19 g, 2.10 mmol, 1 equiv) in anhydrous THF (3 mL) was added drop-wise to the flask. The 
slurry was stirred for 15 minutes, after which a solution of 15 (722 mg, 2.10 mmol, 1 equiv) in 
anhydrous THF (10 mL) was added drop-wise to the flask. The mixture was allowed to warm up to 
room temperature and stirred overnight. After 18 hours, the reaction was quenched with a saturated 
NH4Cl solution (15 mL) and extracted with EtOAc (3 x 50 mL). The organic solution was dried 
over MgSO4 and concentrated with silica gel. Next, the crude material was purified by column 
chromatography [silica gel, hexane/DCM 9:1 (1 L) to obtain MM-CC as a white solid (1.49 g, 1.97 
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mmol, 94%). 1H NMR (400 MHz, CDCl3): δ 7.84 (d, J = 2 Hz, 1H, ArH), 7.71 (d, J = 2 Hz, 1H, 
ArH), 7.47 (dd, J = 2, 8.8 Hz, 1H, ArH), 7.37 (s, 2H, HC=C), 7.35 (dd, J = 2, 8.8 Hz, 1H, ArH), 
6.82 (d, J = 8.4 Hz, 1H, ArH), 6.64 (d, J = 8.4 Hz, 1H, ArH), 4.03 (t, J = 6.4 Hz, 2H, OCH2), 3.98 (t, 
J = 6.4 Hz, 2H, OCH2), 3.01 (s, 1H, CCH), 1.85 (m, 4H, CH2), 1.48 (m, 4H, CH2), 1.25 (bm, 40H, 
CH2), 0.89 (t, J = 6.8 Hz, 6H, CH3); 
13C NMR (125 MHz, CDCl3): δ 157.2, 156.5, 137.1, 135.4, 132.8, 
130.8, 129.8, 127.1, 124.3, 123.6, 114.4, 114.2, 111.95, 84.02, 83.27, 75.85, 68.78, 68.81, 32.18, 29.96, 
29.94, 29.92, 29.87, 29.69, 29.67, 29.62, 29.42, 26.41, 26.36, 22.95, 14.38; LR-MS (ESI+): m/z (%): 
756.4 (12), 755.4 (50), 754.4 (100), 542.2 (8), 447.2 (11), 446.2 (21), 409.1 (6), 362.0 (8), 306.0 (9), 
298.0 (9), 263.1 (6), 245.9 (8), 207.1 (5); HR-MS (ESI+): Calc for C44H67O2I (M+H)
+ 754.4186, 
Found 754.4183. 
 
 
1-iodo-3-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)-5-nitrobenzene (22). In a 20 mL scintillation 
vial, triethylene glycol monomethyl ether [TgOH] (0.96 mL, 6.0 mmol, 2 equiv) was added to a 
solution of KOH (337 mg, 6.0 mmol, 2 equiv) in DMF (3 mL). Next 1-iodo-3,5-dinitrobenzene 21 
(882 mg, 3.0 mmol, 1 equiv) was added to the vial with additional DMF (3 mL) and the reaction 
mixture was heated to 75 °C for 24 hours. Next the reaction was cooled to room temperature and 
diluted with Et2O (10 mL) and brine (75 mL) which was extracted further with Et2O (3 x 20 mL). 
The layers were separated and the organic layer was washed with a Na2S2O3 solution (25 mL) then 
dried over MgSO4. The solution was concentrated to a orange oil which was purified by column 
chromatography [silica gel, gradient hexane/EtOAc 3:1 to 1:1 (1 L)] to obtain 22 as a light brown oil 
(950 mg, 2.31 mmol, 77%). 1H NMR (400 MHz, CDCl3): δ 8.13 (t, J = 1.2 Hz, 1H, ArH), 7.72 (t, J = 
2 Hz, 1H, ArH), 7.59 (dd, J = 1.2, 2 Hz, 1H, ArH), 4.18 (t, J = 4.4 Hz, 2H, OCH2), 3.87 (t, J = 4.8 
Hz, 2H, OCH2), 3.71-3.63 (bm, 6H, OCH2), 3.54 (t, J = 2.4 Hz, 2H, OCH2), 3.37 (s, 3H, CH3); 
13C 
NMR (100 MHz, CDCl3): δ 159.9, 149.4, 130.7, 125.1, 109.3, 93.48, 72.17, 71.20, 70.92, 70.88, 69.62, 
68.77, 59.38; LR-MS (ESI+): m/z (%): 511.9 (7), 500.0 (6), 450.0 (14), 434.0 (95), 412.0 (100), 381.0 
(5), 380.0 (21), 337.0 (4), 336.0 (22), 291.9 (15), 103.1 (4) ; HR-MS (ESI+): Calc for C13H19NO6I 
(M+H)+ 412.0257, Found 412.0257. 
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5-amino-1-iodo-3-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)benzene (23). In a 25 mL round 
bottom flask equipped with a reflux condenser, 22 (1.16 g, 2.83 mmol, 1 equiv) and SnCl2 (3.19 g, 
14.2 mmol, 5 equiv) was combined with EtOH (14 mL). The mixture was heated to reflux for 90 
minutes under N2 then cooled to room temperature and transferred into a 1.25 M NaOH solution (5 
mL). The crude reaction was diluted with EtOAc (20 mL) and 20% KOH solution (20 mL), which 
was extracted with EtOAc (3 x 25 mL). The solution was dried over MgSO4 and concentrated to a 
brown oil. This crude oil was further purified by column chromatography [silica gel, gradient 
hexane/EtOAc 1:5 to 1:8 (800 mL)] to obtain 23 as an orange-brown oil (752 mg, 1.97 mmol, 70%). 
1H NMR (400 MHz, CDCl3): δ 6.64 (s, 2H, ArH), 6.18 (t, J = 1.8 Hz, 1H, ArH), 4.03 (t, J = 4.8 Hz, 
2H, OCH2), 3.80 (m, 2H, OCH2), 3.70-3.63 (bm, 6H, OCH2), 3.54 (m, 2H, CH2), 3.37 (s, 3H, CH3); 
13C NMR (100 MHz, CDCl3): δ 160.5, 148.8, 117.4, 114.3, 101.7, 94.95, 72.19, 71.07, 70.91, 70.81, 
69.87, 67.78, 59.26; LR-MS (ESI+): m/z (%): 420.0 (11), 404.0 (16), 383.1 (17), 382.0 (100), 256.2 
(5), 147.1 (5); HR-MS (ESI+): Calc for C13H21NO4I (M+H)
+ 382.0515, Found 382.0520.  
 
 
5-ethynyl-2-tetradecyloxybenzoic acid (18). In a 200 mL round bottom flask equipped with a 
reflux condenser, MM (1.60 g, 4.29 mmol, 1 equiv), LiOH (903 mg, 21.5 mmol, 5 equiv), THF (72 
mL), and H2O (12 mL) were combined. The mixture was refluxed for 18 hours after which it was 
concentrated to remove THF. The residue was diluted with H2O (20 mL) and acidified to pH = 1 
with concentrated HCl. The solid was extracted with DCM (4 x 50 mL) then dried over MgSO4 and 
concentrated to obtain 18 as a white solid (1.51 g, 4.23 mmol, 99%). 1H NMR (500 MHz, CDCl3): δ 
10.9 (s, 1H, CO2H), 8.28 (d, J = 2 Hz, 1H, ArH), 7.62 (dd, J = 1.5 , 7.5 Hz, 1H, ArH), 6.98 (d, J = 9 
Hz, 1H, ArH), 4.23 (t, J = 6.5 Hz, 1H, OCH2), 3.05 (s, 1H, CCH), 1.90 (m, 2H, CH2), 1.47 (m, 2H, 
CH2), 1.24 (bm, 20H, CH2), 0.86 (t, J = 6.5 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 164.9, 
157.8, 138.4, 137.7, 118.0, 116.3, 112.9, 81.87, 77.69, 70.70, 32.07, 29.83, 29.79, 29.75, 29.66, 29.56, 
29.50, 29.33, 28.97, 25.95, 22.84, 14.27; LR-MS (ESI+): m/z (%): 360.3 (19), 359.3 (76), 342.3 (23), 
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341.2 (100), 338.3 (29), 163.0 (59); HR-MS (ESI+): Calc for C23H34O3 (M+H)
+ 359.2586, Found 
359.2591. 
 
 
N-(5-iodo-3-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-5-ethynyl-2-
tetradecyloxybenzamide (MM-NH). In a 100 mL round bottom flask, 18 (708 mg, 1.98 mmol, 1 
equiv), EDC (568 mg, 2.96 mmol, 1.5 equiv), and 4-dimethylaminopyridine (360 mg, 2.96 mmol, 1.5 
equiv) were combined under N2. A solution of 23 (753 mg, 1.98 mmol, 1 equiv) in anhydrous DCM 
(20 mL) was added to the flask and the reaction mixture was stirred at room temperature for 24 
hours. The crude reaction was diluted with DCM (20 mL), washed with saturated NaHCO3 (50 mL), 
and then dried over MgSO4. The solution was concentrated to a brown oil which was purified by 
column chromatography [silica gel, gradient DCM/EtOAc 9:1 to 4:1 (1 L)] to obtain MM-NH as a 
pale tan solid (1.09 g, 1.52 mmol, 77%). 1H NMR (400 MHz, CDCl3): δ 9.87 (s, 1H, NH), 8.35 (d, J 
= 2 Hz, 1H, ArH), 7.55 (d, J = 4 Hz, 1H, ArH), 7.52 (s, 1H, ArH), 7.32 (s, 1H, ArH), 7.02 (s 1H, 
ArH), 6.91 (d, J = 8.8 Hz, 1H, ArH), 4.17 (t, J = 6.4 Hz, 2H, OCH2), 4.11 (t, J = 4.8 Hz, 2H, 
OCH2), 3.83 (t, J = 4.4 Hz, 2H, OCH2), 3.73 (m, 2H, OCH2), 3.66 (m, 4H, OCH2), 3.54 (m, 2H, 
OCH2), 3.37 (s, 3H, OCH3), 3.04 (s, 1H, CCH), 1.95 (m, 2H, CH2), 1.53 (m, 2H, CH2), 1.41 (m, 2H, 
CH2), 1.23 (bm, 18H, CH2), 0.86 (t, J = 6.4 Hz, 3H, CH3); 
13C NMR (100 MHz, CDCl3): δ 162.4, 
160.0, 157.0, 140.5, 137.1, 136.6, 121.6, 121.3, 120.1, 115.7, 112.7, 106.4, 93.91, 82.62, 82.59, 72.15, 
71.09, 70.87, 70.80, 70.08, 69.76, 67.98, 59.27, 32.12, 29.85, 29.79, 29.65, 29.53, 26.56, 22.89, 14.35; 
LR-MS (ESI+): m/z (%): 723.3 (20), 722.3 (48), 619.3 (11), 618.3 (22), 597.4 (40), 596.4 (100); HR-
MS (ESI+): Calc for C36H53NO6I (M+H)
+ 722.2918, Found 722.2925. 
 
 
5-ethynyl-N-(3-iodophenyl)-2-tetradecyloxybenzamide (19). In a 50 mL Schlenk flask, 18 (900 
mg, 2.53 mmol, 1 equiv), EDC (730 mg, 3.79 mmol, 1.5 equiv), and 4-dimethylaminopyridine (460 
mg, 3.79 mmol, 1.5 equiv) were combined under N2. A solution of 3-iodoaniline (304 µL, 2.53 
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mmol, 1 equiv) in anhydrous DCM (25 mL) was added to the flask and the reaction mixture was 
stirred at room temperature for 24 hours. The crude reaction was diluted with DCM (25 mL), 
washed with saturated NaHCO3 (50 mL), and then dried over MgSO4. The solution was 
concentrated with silica gel and purified by column chromatography [silica gel, hexane/EtOAc 95:5 
(1.25 L)] to obtain 19 as a white solid (1.09 g, 1.95 mmol, 77%). 1H NMR (500 MHz, CDCl3): δ 9.92 
(s, 1H, NH), 8.41 (d, J = 2 Hz, 1H, ArH), 8.02 (s, 1H, ArH), 7.63 (d, J = 8 Hz, 1H, ArH), 7.60 (d, J 
= 8.5 Hz, 1H, ArH), 7.47 (d, J = 8 Hz, 1H, ArH), 7.08 (t, J = 8 Hz, 1H, ArH), 6.96 (t, J = 8.5 Hz, 
1H, ArH), 4.22 (t, J = 6.5 Hz, 2H, OCH2), 3.05 (s, 1H, CCH), 1.98 (m, 2H, CH2), 1.56 (m, 2H, CH2), 
1.43 (m, 2H, CH2), 1.25 (bm, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): 
δ 162.5, 157.1, 139.7, 137.1, 136.7, 133.4, 130.8, 128.9, 121.6, 119.4, 115.8, 112.7, 94.49, 82.63, 77.20, 
70.01, 32.16, 29.92, 29.89, 29.87, 29.82, 29.81, 29.69, 29.60, 29.56, 26.61, 22.93, 14.38; LR-MS 
(ESI+): m/z (%): 582.2 (11), 561.2 (31), 560.2 (100); HR-MS (ESI+): Calc for C29H39NO2I (M+H)
+ 
560.2026, Found 560.2023.  
 
 
5-ethynyl-N-(3-iodophenyl)-N-methyl-2-tetradecyloxybenzamide (MM-NMe). In a 50 mL 
Schlenk flask, NaH (116 mg, 2.90 mmol, 1.5 equiv) was combined with anhydrous THF (15 mL) 
and cooled to 0 °C under N2. A solution of 19 (1.08 g, 1.93 mmol, 1 equiv) in anhydrous THF (10 
mL) was added to the grey slurry drop-wise and the reaction mixture stirred for 45 minutes. Then 
MeI (0.18 mL, 2.90 mmol, 1.5 equiv) was added and the reaction was allowed to warm up to room 
temperature over night. After 18 hours, the crude reaction was quenched with H2O, extracted with 
EtOAc (3 x 50 mL), and then dried over MgSO4. The solution was concentrated to a yellow-brown 
oil and purified by column chromatography [silica gel, hexane/EtOAc 9:1 (700 mL)] to obtain MM-
NMe as a tan solid (1.04 g, 1.81 mmol, 94%). 1H NMR (500 MHz, toluene-d8, T = 80 °C): δ 7.49 (s, 
1H, ArH), 7.37 (d, J = 2 Hz, 1H, ArH), 7.15 (dd, J = 2, 8.5 Hz, 1H, ArH), 7.09 (d, 1H, ArH), 6.74 
(bd, 1H, ArH), 6.39 (t, J = 8 Hz, 1H, ArH), 6.23 (d, J = 8.5 Hz, 1H, ArH), 3.49 (t, J = 6.5 Hz, 2H, 
OCH2), 3.09 (s, 3H, NCH3), 2.67 (s, 1H, CCH), 1.59 (m, 2H, CH2), 1.99 (bm, 22H, CH2), 0.90 (t, J = 
7 Hz, 3H, CH3; 
13C NMR (125 MHz, CDCl3): δ 168.2, 155.0, 144.9, 135.9, 135.7, 134.8, 132.6, 130.1, 
126.8, 126.4, 114.1, 111.6, 93.25, 83.08, 76.60, 68.60, 37.16, 32.17, 29.94, 29.93, 29.92, 29.90, 29.85, 
O
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29.84, 29.67, 29.61, 29.36, 26.20, 22.94, 14.40; LR-MS (ESI+): m/z (%): 597.2 (5), 5696.2 (12), 575.2 
(31), 574.2 (100), 219.9 (9); HR-MS (ESI+): Calc for C30H41NO2I (M+H)
+ 574.2182, Found 
574.2182. 
 
 
Diethyl 3-iodobenzylphosphonate (8). In a 5 mL round bottom flask, 3-iodobenzyl bromide 7 
(154 mg, 0.52 mmol, 1 equiv) and P(OEt)3 (1 mL) were combined and the flask was sealed with a 
rubber septum. The reaction mixture was heated to 150 °C for 24 hours. Next the reaction was 
cooled to 100 °C and excess P(OEt)3 was removed via vacuum distillation. The crude oil was 
purified by column chromatography [silica gel, hexane/EtOAc 3:1 (300 mL)] to obtain 8 as a 
colorless oil (168 mg, 0.47 mmol, 91%). 1H NMR (500 MHz, CDCl3): δ 7.64 (s, 1H, ArH), 7.58 (d, J 
= 8 Hz, 1H, ArH), 7.28 (d, J = 8 Hz, 1H, ArH), 7.05 (t, J = 8 Hz, 1H, ArH), 4.03 (m, 4H, OCH2), 
3.07 (d, J = 22 Hz, 2H, CH2), 1.26 (t, J = 7 Hz, 6H, CH3); 
13C NMR (100 MHz, CDCl3): δ 138.7, 
136.1, 134.2, 130.3, 129.2, 94.38, 62.38, 34.05-32.94 (d, J = 138 Hz, CP), 16.52; 31P NMR (202 MHz, 
CDCl3): δ 26.51; LR-MS (ESI+): m/z (%): 387 (5), 377.0 (48), 356.0 (15), 355.0 (100), 327.0 (27), 
298.9 (20); HR-MS (ESI+): Calc for C11H17O3PI (M+H)
+ 354.9960, Found 354.9957. 
 
 
(E)-5-ethynyl-1-(3-iodostyryl)-2-tetradecyloxybenzene (24). In a 20 mL 3-neck round bottom, a 
solution of diethyl 3-iodobenzylphosphonate 8 (177 mg, 0.50 mmol, 1 equiv) in anhydrous THF (5 
mL) was cooled to 0 °C under N2. Next, NaH [60 wt% dispersion, mineral oil] (30 mg, 0.75 mmol, 
1.5 equiv) was added portion-wise and stirred for 20 minutes. Then 15 (172 mg, 0.50 mmol, 1 equiv) 
was added portion-wise to the flask, and the reaction was allowed to warm up to room temperature 
while stirring overnight. After 18 hours, the reaction was quenched with a saturated NH4Cl solution 
(10 mL) and extracted with Et2O (3 x 10 mL). The organic solution was dried over MgSO4 and 
concentrated with silica gel. Next, the crude material was purified by column chromatography [silica 
gel, gradient hexane/DCM 99:1 to 95:5 (500 mL) to obtain 24 as a white solid (247 mg, 0.455 mmol, 
91%). 1H NMR (500 MHz, CDCl3): δ 7.85 (s, 1H, ArH), 7.70 (d, J = 2Hz, 1H, ArH), 7.58 (d, J = 8 
I
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Hz, 1H, ArH), 7.45 (d, J = 8 Hz, 1H, ArH), 7.38 (d, J = 16.5 Hz, 1H, C=CH), 7.37 (dd, J = 2, 8 Hz, 
1H, ArH), 7.08 (t, J = 7.5 Hz, 1H, ArH), 7.05 (d, J = 16.5 Hz, 1H, C=CH), 6.82 (d, J = 8.5 Hz, 1H, 
ArH), 4.03 (t, J = 6.5 Hz, 2H, OCH2), 3.03 (s, 1H, CCH), 1.87 (m, 2H, CH2), 1.51 (m, 2H, CH2), 
1.40-1.26 (bm, 20H, CH2), 0.88 (t, J = 6.5 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 157.1, 
140.2, 136.5, 135.6, 133.0, 130.8, 130.5, 128.4, 126.3, 125.9, 124.3, 114.2, 112.0, 95.00, 83.81, 76.06, 
68.81, 32.16, 29.95, 29.92, 29.90, 29.88, 29.85, 29.65, 29.61, 29.38, 26.44, 22.94, 14.39; LR-MS (EI+): 
m/z (%): 543.2 (21), 542.2 (95), 494.2 (11), 446.2 (10), 347.0 (13), 346.0 (100), 220.1 (15), 190.1 (16), 
189.1 (37); HR-MS (EI+): Calc for C30H39OI (M)
+ 542.2046, Found 542.2042. 
 
3.7.3 Synthesis of OP Monomers 
 
 
Methyl 4-iodo-2-tetradecyloxybenzoate (5). In a 300 mL round bottom flask equipped with a 
reflux condenser, methyl 2-hydroxy-4-iodobenzoate 4 (4.97 g, 17.9 mmol, 1 equiv), anhydrous 
K2CO3 (4.44 g, 32.1 mmol, 1.80 equiv), 1-bromotetradecane (8.8 mL, 32.1 mmol, 1.80 equiv) and 
acetone (100 mL) were combined. The mixture was refluxed under N2 for 48 hours after which it 
was concentrated to a light brown slurry. The crude slurry was diluted with DCM (300 mL) then 
washed with brine (2 x 100 mL), dried over MgSO4 and concentrated to a light brown oil. Purified 
by column chromatography [silica gel, gradient hexanes/DCM 9:1 to 1:1 (1 L)] to obtain 5 as a white 
solid (7.46 g, 15.7 mmol, 88%). 1H NMR (500 MHz, CDCl3): δ 7.48 (d, J = 8.5 Hz, 1H, ArH), 7.31 
(dd, J = 1.5, 8.0 Hz, 1H, ArH), 7.28 (d, J = 1 Hz, 1H, ArH), 3.99 (t, J = 6.5 Hz, 2H, OCH2), 3.86 (s, 
3H, OCH3), 1.82 (m, 2H, CH2), 1.47 (m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 166.6, 159.1, 133.0, 129.5, 122.8, 120.0, 100.1, 69.53, 52.29, 32.20, 
29.97, 29.94, 29.87, 29.84, 29.64, 29.56, 29.29, 26.13, 22.97, 14.41; LR-MS (ESI+): m/z (%): 498.2 
(22.3), 497.2 (100), 475.2 (4.8), 101.0 (11.2); HR-MS (ESI+): Calc for C22H36O3I (M+H)
+ 471.1709, 
Found 471.1712. 
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Methyl 2-tetradecyloxy-4-(trimethylsilyl)ethynylbenzoate (6). In a 100 mL Schlenk flask under 
a positive flow of N2 were charged 5 (3.06 g, 6.46 mmol, 1 equiv), CuI (62 mg, 0.323 mmol, 0.05 
equiv) and Pd(PPh3)2Cl2 (227 mg, 0.323 mmol, 0.05 equiv) then capped with a rubber septum. The 
flask was evacuated and backfilled with N2 three times. The solids were dissolved in 32 mL 
anhydrous piperidine to give an orange-yellow solution followed by addition of 
(trimethylsilyl)acetylene (4.6 mL, 32.3 mmol, 5 equiv) and stirring at room temperature for 24 hours 
under N2. The brown slurry was diluted with EtOAc (50 mL) and filtered through a small silica pad. 
The filtrate was concentrated to a dark brown oily residue and purified by column chromatography 
[silica gel, hexane/EtOAc 97.5:2.5 (750 mL)] to obtain 6 as a thick reddish-brown oil (2.78 g, 6.26 
mmol, 97%). 1H NMR (500 MHz, CDCl3): δ 7.71 (d, J = 8.0 Hz, 1H, ArH), 7.05 (dd, J = 1.0, 7.5 Hz, 
1H, ArH), 7.02 (d, J = 1.0 Hz, 1H, ArH), 4.02 (t, J = 6.0 Hz, 2H, OCH2), 3.87  (s, 3H, OCH3), 1.82 
(m, 2H, CH2), 1.48 (m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 3H, CH3), 0.26 (s, 9H, 
Si(CH3)3; 
13C NMR (125 MHz, CDCl3): δ 166.6, 158.6, 131.8, 128.3, 123.9, 120.5, 116.5, 104.4, 97.00, 
69.27, 52.18, 32.18, 29.95, 29.86, 29.84, 29.62, 29.57, 29.35, 26.16, 22.95, 14.38, 0.10; LR-MS (ESI+): 
m/z (%): 447.3 (10.3), 446.3 (33.8), 445.3 (100), 414.3 (7.54), 413.3 (23.8), 249.1 (9.23); HR-MS 
(ESI+): Calc for C27H45O3Si (M+H)
+ 445.3138, Found 445.3136. 
 
 
Methyl 4-ethynyl-2-tetradecyloxybenzoate (OP). In a 300 mL round bottom flask 6 (2.49 g, 5.60 
mmol, 1 equiv) was dissolved in 113 mL THF, followed by addition of TBAF [1M, THF] (6.8 mL, 
6.80 mmol, 1.2 equiv) and acetic acid (0.4 mL, 6.99 mmol, 1.25 equiv). The resulting brown solution 
was stirred at room temperature for 10 minutes then concentrated to a dark brown oil. Purified by 
column chromatography [silica gel hexanes/EtOAc 97.5:2.5 (750 mL)] to obtain OP as an off-white 
solid (1.93 g, 5.19 mmol, 93%). 1H NMR (500 MHz, CDCl3): δ 7.73 (d, J = 7.5 Hz, 1H, ArH), 7.08 
(dd, J = 1.5, 8.0 Hz, 1H, ArH), 7.05 (d, J = 1 Hz, 1H, ArH), 4.01 (t, J = 6.5 Hz, 2H, OCH2), 3.88 (s, 
TMS-acetylene
Pd(PPh3)2Cl2 (5 mol%)
CuI (5 mol%)
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3H, OCH3), 3. 18 (s, 1H, CCH), 1.82 (m, 2H, CH2), 1.47 (m, 2H, CH2), 1.26 (m, 20H, CH2), 0.88 (t, J 
= 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 166.6, 158.6, 131.9, 127.2, 124.0, 121.1, 116.6, 
83.15, 79.50, 69.33, 52.32, 32.20, 29.98, 29.95, 29.94, 29.89, 29.87, 29.65, 29.59, 29.33, 26.17, 22.98, 
14.41; LR-MS (ESI+): m/z (%): 396.3 (10.3), 395.3 (40.3), 374.3 (26.3), 373.3 (100), 342.2 (16.1), 
341.2 (66.7), 177.1 (40.3); HR-MS (ESI+): Calc for C24H37O3 (M+H)
+ 373.2743, Found 373.2738.  
 
 
4-ethynyl-2-tetradecyloxybenzyl alcohol (16). In a 100 mL Schlenk flask, OP (1.54 g, 4.12 mmol, 
1 equiv) was dissolved in anhydrous DCM (50 mL) and cooled to -30 °C (ethylene glycol/EtOH dry 
ice bath). After cooling, DIBALH [1M, hexane] (9.1 mL, 9.1 mmol, 2.2 equiv) was added drop-wise 
and the reaction was allowed to warm up to room temperature while stirring for 4 hours. Then the 
reaction was quenched with MeOH then H2O, after which a 10 w/v% aqueous solution of Rochelle 
salt [potassium sodium tartrate] (40 mL) was added to the flask and the solution was vigorously 
stirred for 45 minutes. The reaction mixture was further diluted with DCM, and the aqueous layer 
was extracted with DCM (3 x 100 mL) and then dried over MgSO4. The solution was concentrated 
to obtain 16 as a white solid (1.36 g, 3.94 mmol, 96%). 1H NMR (500 MHz, CDCl3): δ 7.23 (d, J = 8 
Hz, 1H, ArH), 7.09 (d, J = 7.5 Hz, 1H, ArH), 6.98 (s, 1H, ArH), 4.68 (s, 2H, CH2O), 4.00 (t, J = 6.5 
Hz, 2H, OCH2), 3.06 (s, 1H, CCH), 2.29 (bs, 1H, OH), 1.81 (m, 2H, CH2), 1.45 (m, 2H, CH2), 1.26 
(bm, 20H, CH2), 0.88 (t, J = 6.5 Hz, 3H, CH2); 
13C NMR (125 MHz, CDCl3): δ 156.8, 130.7, 128.6, 
124.9, 122.6, 114.7, 83.89, 77.01, 68.45, 62.14, 32.17, 29.94, 29.92, 29.90, 29.84, 29.81, 29.61, 29.58, 
29.42, 26.36, 22.94, 14.37; LR-MS (ESI+): m/z (%): 477.3 (11), 475.3 (19), 461.3 (21), 459.3 (50), 
457.3 (54), 369.3 (32), 367.3 (100), 341.3 (19), 329.3 (28), 327.3 (96); HR-MS (ESI+): Calc for 
C23H36O2 (M+Na)
+ 367.2613, Found 367.2613. 
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4-ethynyl-2-tetradecyloxybenzaldehyde (17). In a 100 mL Schlenk flask, 16 (1.35 g, 3.92 mmol, 1 
equiv) was dissolved in DCM (42 mL), and then Dess-Martin periodinane (2.0 g, 4.70 mmol, 1.2 
equiv) was added to the reaction mixture. The solution was stirred for 1 hour after which the 
solution was diluted with DCM (20 mL) and saturated NaHCO3 solution (25 mL) then stirred for 20 
minutes. The two layers were separated and the organic layer was washed with saturated Na2S2O3 
solution (50 mL) then brine (2 x 100 mL). Next, the solution was dried over MgSO4 and 
concentrated with silica gel. The crude material was purified by column chromatography [sililca gel, 
hexane/EtOAc 95:5 (600 mL)] to obtain 17 as a pale tan solid (1.24 g, 3.62 mmol, 92%). 1H NMR 
(400 MHz, CDCl3): δ 10.47 (s, 1H, CHO), 7.77 (d, J = 8 Hz, 1H, ArH), 7.12 (d, J = 8 Hz, 1H, ArH), 
7.08 (s, 1H, ArH), 4.06 (t, J = 6.4 Hz, 2H, OCH2), 3.26 (s, 1H, CCH), 1.84 (m, 2H, CH2), 1.47 (m, 
2H, CH2), 1.25 (bm, 20H, CH2), 0.87 (t, J = 6 Hz, 3H, CH2); 
13C NMR (100 MHz, CDCl3): δ 189.4, 
161.3, 129.6, 128.4, 125.6, 124.5, 116.3, 83.16, 80.90, 69.00, 32.20, 29.94, 29.93, 29.83, 29.63, 29.58, 
29.26, 26.27, 22.97, 14.39; LR-MS (ESI+): m/z (%): 366.3 (8), 365.2 (19), 357.3 (12), 344.3 (27), 
343.3 (100), 148.0 (8), 147.0 (52); HR-MS (ESI+): Calc for C23H35O2 (M+H)
+ 343.2637, Found 
343.2636. 
 
 
Diethyl 2-iodobenzylphosphonate (10). In a 25 mL round bottom flask equipped with a reflux 
condenser, 2-iodobenzyl bromide 9 (1.9 g, 6.40 mmol, 1 equiv) and P(OEt)3 (5 mL) were combined. 
The reaction mixture was heated to 150 °C for 24 hours. Next the reaction was cooled to 100 °C 
and excess P(OEt)3 was removed via vacuum distillation. The crude oil was purified by column 
chromatography [silica gel, hexane/EtOAc 3:1 (500 mL)] to obtain 10 as a colorless oil (2.2 g, 6.21 
mmol, 97%). 1H NMR (400 MHz, CDCl3): δ 7.84 (d, J = 7.6 Hz, 1H, ArH), 7.47 (dt, J = 2.4, 7.6 Hz, 
1H, ArH), 7.30 (t, J = 7.6  Hz, 1H, ArH), 6.92 (t, J = 7.6 Hz, 1H, ArH), 4.05 (m, 4H, OCH2), 3.41 
(d, J = 22 Hz, 2H, CH2), 1.26 (t, J = 7.2 Hz, 6H, CH3); 
13C NMR (100 MHz, CDCl3): δ 139.7, 135.4, 
130.7, 128.6, 128.3, 101.3, 62.24, 39.05-37.68 (d, J = 137 Hz, CP), 16.37; 31P NMR (202 MHz, 
CDCl3): δ 26.29; LR-MS (ESI+): m/z (%): 393 (7), 377.0 (35), 357.0 (5), 356.0 (19), 355.0 (100), 
328.0 (7), 327 (29), 307 (5), 298.9 (25); HR-MS (ESI+): Calc for C11H17O3PI (M+H)
+ 354.9960, 
Found 354.9963. 
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(E)-4-ethynyl-1-(2-iodostyryl)-2-tetradecyloxybenzene (OP-CC). In a 50 mL 3-neck round 
bottom flask, NaH [60 wt% dispersion, mineral oil] (147 mg, 3.68 mmol, 1.5 equiv) was added along 
with anhydrous THF (10 mL) under N2. The reaction was cooled to 0 °C and a solution of diethyl 2-
iodobenzyl phosphonate 10 (868 mg, 2.45 mmol, 1 equiv) in anhydrous THF (5 mL) was added 
drop-wise to the flask. The slurry was stirred for 15 minutes, after which a solution of 17 (839 mg, 
2.45 mmol, 1 equiv) in anhydrous THF (10 mL) was added drop-wise to the flask. The mixture was 
allowed to warm up to room temperature and stirred overnight. After 18 hours, the reaction was 
quenched with a saturated NH4Cl solution (15 mL) and extracted with EtOAc (3 x 50 mL). The 
organic solution was dried over MgSO4 and concentrated to a yellow oil. Next, the crude material 
was purified by column chromatography [silica gel, hexane/DCM 95:5 (700 mL)] to obtain OP-CC 
as a pale tan solid (1.21 g, 2.23 mmol, 91%). 1H NMR (400 MHz, CDCl3): δ 7.85 (d, J = 6.8 Hz, 1H, 
ArH), 7.64 (d, J = 6.4 Hz, 1H, ArH), 7.55 (d, J = 8 Hz, 1H, ArH), 7.43 (d, J = 16.4 Hz, 1H, HC=C), 
7.35 (t, J = 7.2 Hz, 1H, ArH), 7.27 (d, J = 16 Hz, 1H, C=CH), 7.12 (d, J = 8 Hz, 1H, ArH), 7.02 (s, 
1H, ArH), 6.96 (t, J = 8 Hz, 1H, ArH), 4.03 (t, J = 6.8 Hz, 2H, OCH2), 3.15 (s, 1H, CCH), 1.89 (m, 
2H, CH2), 1.51 (m, 2H, CH2), 1.26 (bm, 20H, CH3), 0.89 (t, J = 6.8 Hz, 3H, CH3); 
13C NMR (100 
MHz, CDCl3): δ 156.5, 141.1, 139.9, 134.1, 129.2, 128.6, 127.5, 127.2, 126.6, 126.4, 124.9, 122.4, 
115.7, 100.8, 84.15, 78.02, 77.92, 68.89, 32.17, 29.92, 29.85, 29.63, 29.50, 26.45, 22.94, 14.39; LR-MS 
(ESI+): m/z (%): 544.2 (8), 543.2 (27), 542.2 (100), 466.2 (5), 416.3 (6), 347.0 (346.0 (28), 325.3 (6), 
220.1 (6), 218.1 (9), 190.1 (11), 189.1 (19); HR-MS (ESI+): Calc for C30H39OI (M+H)
+ 542.2046, 
Found 542.2045. 
 
 
4-ethynyl-2-tetradecyloxybenzoic acid (20). In a 250 mL round bottom flask equipped with a 
reflux condenser, OP (1.73 g, 4.64 mmol, 1 equiv), LiOH (974 mg, 23.2 mmol, 5 equiv), THF (93 
mL), and H2O (16 mL) were combined. The mixture was refluxed for 18 hours after which it was 
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concentrated to remove THF. The residue was diluted with H2O (20 mL) and acidified to pH = 1 
with concentrated HCl. The solid was extracted with EtOAc (4 x 75 mL) then dried over MgSO4 
and concentrated to obtain 20 as a white solid (1.59 g, 4.45 mmol, 96%). 1H NMR (500 MHz, 
CDCl3): δ 10.9 (bs, 1H, CO2H), 8.12 (d, J = 8 Hz, 1H, ArH), 7.21 (d, J = 8 Hz, 1H, ArH), 7.13 (s, 
1H, ArH), 4.23 (t, J = 4.5 Hz, 2H, OCH2), 3.27 (s, 1H, CCH), 1.90 (m, 2H, CH2), 1.46 (m, 2H, CH2), 
1.26 (bm, 20H, CH2), 0.87 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 165.1, 157.4, 
134.0, 129.0, 126.0, 118.2, 116.3, 82.40, 81.07, 77.56, 77.04, 70.78, 32.18, 29.94, 29.90, 29.87, 29.77, 
29.68, 29.63, 29.43, 29.08, 26.07, 22.96, 14.40; LR-MS (ESI+): m/z (%): 397.2 (8), 381.2 (12), 360.3 
(27), 359.3 (100), 341.2 (30), 163.0 (20); HR-MS (ESI+): Calc for C23H35O3 (M+H)
+ 359.2586, 
Found 359.2595. 
 
 
4-ethynyl-N-(2-iodophenyl)-2-tetradecyloxybenzamide (OP-NH). In a 100 mL Schlenk flask, 
20 (1.38 g, 3.85 mmol, 1 equiv), 2-iodoaniline (843 mg, 3.85 mmol, 1 equiv), EDC (730 mg, 5.78 
mmol, 1.5 equiv), and 4-dimethylaminopyridine (706 mg, 5.78 mmol, 1.5 equiv) were dissolved in 
anhydrous DCM (38 mL) and stirred at room temperature for 24 hours. The crude reaction was 
diluted with DCM (25 mL), washed with saturated NaHCO3 (50 mL) and brine (2 x 50 mL), and 
then dried over MgSO4. The solution was concentrated to a light brown oil and purified by column 
chromatography [silica gel, gradient hexane/DCM 3:1 to 1:2 (1.3 L)] to obtain OP-NH as an orange 
oil (1.76 g, 3.14 mmol, 82%). 1H NMR (500 MHz, CDCl3): δ 9.86 (s, 1H, NH), 8.28 (d, J = 8.5 Hz, 
1H, ArH), 8.23 (d, J = 8 Hz, 1H, ArH), 7.83 (dd, J = 1.5, 8 Hz, 1H, ArH), 7.38 (t, J = 8 Hz, 1H, 
ArH), 7.23 (d, J = 8 Hz, 1H, ArH), 7.15 (s, 1H, ArH), 6.87 (t, J = 7 Hz, 1H, ArH), 4.28 (t, J = 7 Hz, 
2H, OCH2), 3.23 (s, 1H, CCH), 1.97 (m, 2H, CH2), 1.43 (m, 2H, CH2), 1.21 (bm, 20H, CH2), 0.88 (t, 
J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 163.1, 156.6, 139.5, 139.2, 132.9, 129.1, 127.2, 
126.4, 125.2, 124.3, 122.3, 116.3, 90.10, 82.94, 79.89, 70.05, 32.11, 29.87, 29.84, 29.82, 29.79, 29.66, 
29.56, 29.42, 29.13, 26.14, 22.89, 14.35; LR-MS (ESI+): m/z (%): 576.2 (10), 561.2 (29), 560.2 (100); 
HR-MS (ESI+): Calc for C29H39NO2I (M+H)
+ 560.2026, Found 560.2026. 
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4-ethynyl-N-(2-iodophenyl)-N-methyl-2-tetradecyloxybenzamide (OP-NMe). In a 20 mL 
round bottom flask, OP-NH (402 mg, 0.72 mmol, 1 equiv) was dissolved in anhydrous THF (7 mL) 
and cooled to 0 °C under N2. Next, NaH (43 mg, 1.08 mmol, 1.5 equiv) was added portion-wise and 
the reaction mixture stirred for 45 minutes. Then MeI (67 µL, 1.08 mmol, 1.5 equiv) was added and 
the reaction was allowed to warm up to room temperature over night. After 18 hours, the crude 
reaction was quenched with H2O, extracted with EtOAc (3 x 25 mL), and then dried over MgSO4. 
The solution was concentrated to a yellow-brown oil and purified by column chromatography [silica 
gel, hexane/EtOAc 7:1 (500 mL)] to obtain OP-NMe as a pale yellow solid (316 mg, 0.55 mmol, 
77%). 1H NMR (500 MHz, CDCl3, E-Z ratio = 1-3.93): δ 7.94 (d, J = 8 Hz, 1H, ArH, E-isomer), 
7.73 (d, J = 8 Hz, 1H, ArH, Z-isomer), 7.44 (bt, 2H, ArH, E-isomer), 7.33 (d, 1H, ArH, E-isomer), 
7.32 (d, J = 7.5 Hz, 1H, ArH, Z-isomer), 7.29 (d, J = 8 Hz, 1H, ArH, Z-isomer), 7.19 (d, J = 7.5 Hz, 
1H, ArH, E-isomer), 7.13 (t, J =  8 Hz, 1H, ArH, Z-isomer), 7.06 (bm, 2H, ArH, E-isomer), 6.85 
(m, 2H, ArH, Z-isomer), 6.77 (s, 1H, ArH, Z-isomer), 4.06 (m, 2H, OCH2, E-isomer), 3.94 (m, 2H, 
OCH2, Z-isomer), 3.35 (s, 3H, NCH3, Z-isomer), 3.13 (s, 1H, CCH, E-isomer), 3.10 (s, 1H, NCH3, 
E-isomer), 3.01 (s, 1H, CCH, Z-isomer), 1.77 (m, 2H, OCH2), 1.85 (m, 4H, CH2), 1.48 (m, 4H, 
CH2), 1.26 (bm, 40H, CH2), 0.88 (t, J = 7 Hz, 6H, CH3); 
13C NMR (125 MHz, CDCl3): δ 168.4, 
154.6, 145.8, 139.9, 129.76, 129.3, 129.0, 127.8, 127.2, 124.2, 123.8, 115.2, 99.41, 83.45, 77.86, 68.71, 
36.47, 32.16, 29.92, 29.89, 29.86, 29.83, 29.60, 29.35, 26.25, 22.93, 14.38; LR-MS (ESI+): m/z 
(%):576.2 (5), 575.2 (32), 574.2 (100), 341.2 (5); HR-MS (ESI+): Calc for C30H41NO2I (M+H)
+ 
574.2182, Found 574.2186. 
 
3.7.4 Synthesis of MM/OP Polymers 
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MM-CCP. In a glovebox, a 20 mL I-CHEM vial was charged with monomer MM-CC (1.02 g, 1.35 
mmol, 1 equiv), CuI (12.9 mg, 0.0675 mmol, 0.05 equiv), and Pd(PPh3)4 (78 mg, 0.0675 mmol, 0.05 
equiv). The solids were dissolved in THF (5.85 mL) and diisopropylamine (1.7 mL). The vial was 
sealed with tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and the 
solid dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring 
methanol (400 mL) to obtain MM-CCP as a light tan solid (791 mg, 93%). GPC (THF): Mn = 6.92 
kDa, Mw = 20.7 kDa, PDI = 2.99, Ret. Volume = 23-31 mL;
 1H NMR (500 MHz, CDCl3): δ 7.78-
7.67 (bm, 2H, ArH), 7.50 (bm, 2H, ArH), 7.39 (bm, 2H, ArH, C=CH), 6.85 (bm, 2H, ArH), 4.05 
(bm, 4H, OCH2), 1.89 (bm, 4H, OCH2), 1.51 (bm, 4H, CH2), 1.39-1.26 (bm, 40H, CH2), 0.85 (bt, 
6H, CH3); 
13C NMR (125 MHz, CDCl3): δ 156.7, 132.0, 130.2, 127.54, 124.3, 115.8, 112.1, 88.27, 
68.86, 32.19, 29.96, 29.93, 29.90, 29.74, 29.70, 29.63, 29.56, 29.51, 22.95, 19.48, 14.37. 
 
 
MM-NHP. In a glovebox, a 20 mL I-CHEM vial was charged with monomer MM-NH (1.08 g, 
1.50 mmol, 1 equiv), CuI (14.3 mg, 0.075 mmol, 0.05 equiv), and Pd(PPh3)4 (86.7 mg, 0.075 mmol, 
0.05 equiv). The solids were dissolved in THF (5.6 mL) and diisopropylamine (1.9 mL). The vial was 
sealed with tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and the 
solid dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring 
methanol (400 mL) to obtain a brown solid that was precipitated once more from CHCl3 into 
methanol to obtain MM-NHP as a brown solid (782 mg, 88%). GPC (THF): Mn = 9.63 kDa, Mw = 
49.8 kDa, PDI = 5.17, Ret. Volume = 22-31 mL; 1H NMR (500 MHz, CDCl3): δ 9.95 (m, 1H, NH), 
8.48 (m, 1H, ArH), 8.13 (bm, 1H, ArH), 7.67 (bm, 1H, ArH), 7.46 (m, 1H, ArH), 7.00 (m, 1H, ArH), 
6.85 (bs, 1H, ArH), 4.26-3.47 (bm, 14H, OCH2), 3.38 (s, 3H, OCH3), 2.02 (bs, 2H, CH2), 1.58-1.09 
(bm, 22H, CH2), 0.87 (m, 3H, CH3); 
13C NMR (125 MHz, CDCl3): Polymer not soluble enough to 
acquire 13C spectra with good S/N. 
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MM-NMeP. In a glovebox, a 20 mL I-CHEM vial was charged with monomer MM-NH (831 mg, 
1.45 mmol, 1 equiv), CuI (13.8 mg, 0.0725 mmol, 0.05 equiv), and Pd(PPh3)4 (83.8 mg, 0.0725 mmol, 
0.05 equiv). The solids were dissolved in THF (5.45 mL) and diisopropylamine (1.8 mL). The vial 
was sealed with tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and 
the solid dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring 
methanol (400 mL) to obtain MM-NMeP as a yellow solid (510 mg, 80%). GPC (THF): Mn = 1.69 
kDa, Mw = 7.51 kDa, PDI = 4.43, Ret. Volume = 24-32 mL;
 1H NMR (500 MHz, CDCl3): δ 7.42-
7.21 (bm, 4H, ArH), 7.04 (bs, 1H, ArH), 6.89 (bs, 1H, ArH), 6.56 (bs, 1H, ArH), 4.05 (bs, 2H, 
OCH2, E-isomer), 3.75 (bs, 2H, OCH2, Z-isomer), 3.48 (bs, 3H, NCH3, Z-isomer), 3.22 (bs, 3H, 
NCH3, E-isomer), 1.79 (bs, 2H, CH2), 1.42-1.25 (bm, 22H, CH2), 0.88 (bt, 3H, CH3); 
13C NMR (125 
MHz, CDCl3): δ 168.3, 154.9, 143.9, 134.1, 132.2, 129.9, 129.4, 128.7, 127.3, 126.9, 124.1, 114.9, 
111.8, 89.77, 87.69, 68.63, 37.23, 32.16, 29.95, 29.91, 29.87, 29.86, 29.69, 29.60, 29.34, 26.24, 22.92, 
14.35. 
 
 
OP-CCP. In a glovebox, a 20 mL I-CHEM vial was charged with monomer OP-CC (1.08 g, 1.98 
mmol, 1 equiv), CuI (18.9 mg, 0.099 mmol, 0.05 equiv), and Pd(PPh3)4 (114.4 mg, 0.099 mmol, 0.05 
equiv). The solids were dissolved in THF (7.4 mL) and diisopropylamine (2.5 mL). The vial was 
sealed with tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and the 
solid dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring 
methanol (400 mL) to obtain OP-CCP as an orange solid (711 mg, 80%). GPC (THF): Mn = 3.87 
kDa, Mw = 10.5 kDa, PDI = 2.72, Ret. Volume = 24-31 mL;
 1H NMR (500 MHz, CDCl3): δ 7.67 
(bm, 4H), 7.17 (bm, 4H), 4.00 (bs, 2H, OCH2), 1.83 (bs, 2H, CH2), 1.25 (bm, 22H, CH2), 0.87 (bs, 
3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 156.8, 139.8, 137.0, 123.6, 113.9, 82.51, 68.76, 62.19, 
32.14, 29.13, 29.88, 29.82, 29.80, 27.14, 26.29, 25.75, 25.90, 16.60, 16.54, 14.32. 
 
H29C14O n
OP-CCP
IH29C14O
OP-CC
Pd(PPh3)4 (5 mol%)
CuI (5 mol%)
THF/diisopropylamine
60 oC, 48 h
80%
      124 
 
OP-NHP. In a glovebox, a 20 mL I-CHEM vial was charged with monomer OP-NH (1.18 g, 2.10 
mmol, 1 equiv), CuI (21 mg, 0.11 mmol, 0.05 equiv), and Pd(PPh3)4 (127.1 mg, 0.11 mmol, 0.05 
equiv). The solids were dissolved in THF (8 mL) and diisopropylamine (2.6 mL). The vial was sealed 
with tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and the solid 
dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring methanol 
(400 mL) to obtain OP-NHP as a tan solid (742 mg, 81%). GPC (THF): Mn = 3.16 kDa, Mw = 17.8 
kDa, PDI = 5.63, Ret. Volume = 23-32 mL; 1H NMR (500 MHz, CDCl3): δ 10.34-10.12 (bm, 1H, 
CONH), 8.56 (bm, 1H, ArH), 8.24 (bm, 1H, ArH), 7.42 (bm, 2H, ArH), 7.17 (bm, 3H, ArH), 4.04 
(bm, 2H, OCH2), 1.73 (bm, 2H, CH2), 1.20 (bm, 22H, CH2), 0.85 (bt, 3H, CH3); 
13C NMR (125 
MHz, CDCl3): δ 162.9, 157.0, 139.9, 132.9, 130.4, 126.3, 124.8, 124.2, 123.1, 121.4, 116.9, 116.2, 
112.9, 94.85, 88.72, 72.09, 70.90, 32.16, 29.96, 29.93, 29.90, 29.85, 29.82, 29.77, 29.74, 29.70, 29.61, 
29.52, 29.00, 26.08, 22.93, 14.38. 
 
 
OP-NMeP. In a glovebox, a 20 mL I-CHEM vial was charged with monomer OP-NMe (816 mg, 
1.42 mmol, 1 equiv), CuI (13.5 mg, 0.071 mmol, 0.05 equiv), and Pd(PPh3)4 (82 mg, 0.071 mmol, 
0.05 equiv). The solids were dissolved in THF (5.3 mL) and diisopropylamine (1.8 mL). The vial was 
sealed with tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and the 
solid dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring 
methanol (400 mL) to obtain OP-NMeP as an amber-brown solid (478 mg, 75%). GPC (THF): Mn 
= 7.20 kDa, Mw = 16.9 kDa, PDI = 2.34, Ret. Volume = 24-31 mL;
 1H NMR (500 MHz, CDCl3): δ 
7.68-7.37 (bm, 2H, ArH), 7.15 (bm, 3H, ArH), 6.86 (bm, 2H, ArH), 3.97 (bs, 2H, OCH2), 3.44 (bs, 
3H, NCH3, Z-isomer), 3.23 (bs, 3H, NCH3, E-isomer), 1.85 (bs, 2H, CH2), 1.49 (bs, 2H, CH2), 1.25 
O
NHH29C14O n
OP-NHP
O
NH IH29C14O
OP-NH
Pd(PPh3)4 (5 mol%)
CuI (5 mol%)
THF/diisopropylamine
60 oC, 48 h
81%
O
NH29C14O n
OP-NMeP
Me
Pd(PPh3)4 (5 mol%)
CuI (5 mol%)
THF/diisopropylamine
60 oC, 48 h
75%
O
N IH29C14O
Me
OP-NMe
      125 
(bm, 20H, CH2), 0.87 (bt, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 168.9, 154.9, 145.1, 135.4, 
132.9, 132.3, 130.4, 129.2, 127.9, 124.4, 123.8, 122.2, 114.6, 94.99, 86.80, 68.74, 36.53, 32.16, 29.95, 
29.90, 29.88, 29.67, 29.60, 29.37, 26.29, 22.93, 14.37. 
 
 
MMP1. In a glovebox, a 20 mL I-CHEM vial was charged with monomer 19 (318 mg, 0.568 mmol, 
1 equiv), CuI (5.4 mg, 0.0284 mmol, 0.05 equiv), and Pd(PPh3)4 (32.8 mg, 0.0284 mmol, 0.05 equiv). 
The solids were dissolved in THF (6 mL) and diisopropylamine (2 mL). The vial was sealed with 
tape and heated at 60 °C for 48 hours. After 48 hours, significant precipitate was observed in 
addition to normal ammonium salt. The crude solution was directly precipitated into rapidly stirring 
methanol (200 mL) to obtain MMP1 as a brown solid (202 mg, 82%). The polymer’s insolubility in 
THF precluded characterization by GPC, and insolubility in common organic solvents precluded 
characterization by NMR as well.  
 
 
MMP2. In a glovebox, a 20 mL I-CHEM vial was charged with monomer 24 (248 mg, 0.457 mmol, 
1 equiv), CuI (4.4 mg, 0.0229 mmol, 0.05 equiv), and Pd(PPh3)4 (26.5 mg, 0.0229 mmol, 0.05 equiv). 
The solids were dissolved in THF (4.9 mL) and diisopropylamine (1.6 mL). The vial was sealed with 
tape and heated at 60 °C for 48 hours. After 48 hours, the solvent was removed and the solid 
dissolved in minimal CHCl3. This polymer solution was slowly added to rapidly stirring methanol 
(200 mL) to obtain MMP2 as a light yellow-tan solid (162 mg, 85%). GPC (THF): Mn = 5.83 kDa, 
Mw = 17.0 kDa, PDI = 2.91, Ret. Volume = 23-31 mL;
 1H NMR (500 MHz, CDCl3): δ 7.80 (bs, 1H, 
ArH), 7.72 (bs, 1H, ArH), 7.44 (bm, 4H, ArH, C=CH), 7.34 (bm, 1H, ArH), 7.20 (bd, 1H, ArH), 
6.86 (bs, 1H, ArH), 4.05 (bs, 2H, OCH2), 1.90 (bs, 2H, CH2), 1.53 (bs, 2H, CH2), 1.23 (bm, 20H, 
CH2), 0.88 (bs, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 156.9, 138.2, 132.4, 130.7, 130.3, 129.8, 
129.3, 128.9, 126.7, 126.5, 124.2, 123.9, 115.5, 112.1, 89.74, 88.33, 68.85, 32.30, 29.99, 29.97, 29.95, 
29.93, 29.90, 29.72, 29.65, 29.48, 26.48, 22.97, 14.42. 
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3.7.5 Depolymerization and Macrocycle Synthesis 
 
 
MM-CC3. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (5 mg, 0.0075 mmol, 10 wt%) and 
Ph3SiOH (7.5 mg, 0.0272 mmol, 15 wt%) in 1,2,4-trichlorobenzene (2.5 mL) in a 20 mL vial was 
stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial containing a 
solution of MM-CCP (50 mg) in 1,2,4-trichlorobenzene (2.5 mL). The vial was sealed with tape, 
heated to 50 °C for 1 hour to dissolve polymer and then stirred at room temperature for 24 hours. 
After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation. The crude material 
[GPC (THF): Mn = 3.91 kDa, Mw = 8.60 kDa, PDI = 2.20, Ret. Volume = 24-30 mL] was purified 
via precipitation of a saturated THF solution into MeOH to obtain a mixture of MM-CC 
macrocycles as a pale tan solid (46 mg, 92%). Yields of MM-CC3 (50%) and MM-CCX (42%) were 
determined by 1H NMR using Cl3CCCl2H as an internal standard (see Figure 3.29). A small amount 
of MM-CC3 was isolated by prepTLC [hexane/dichloromethane 3:2] for analytical characterization 
and to enable yield determination by 1H NMR. Analytical data for MM-CC3: GPC (THF): Mn = 
2.61 kDa, Mw = 2.77 kDa, PDI = 1.06, Ret. Volume = 28-30 mL; 
1H NMR (500 MHz, CD2Cl2): δ 
7.67 (d, J = 2 Hz, 6H, ArH), 7.57 (s, 6H, C=CH), 7.40 (dd, J = 2, 8.5 Hz, 6H, ArH), 6.93 (d, J = 8.5 
Hz, 6H, ArH), 4.03 (t, J = 7 Hz, 12H, OCH2), 1.93 (m, 12H, CH2), 1.51 (m, 12H, CH2), 1.39 (m, 
12H, CH2), 1.26 (bm, 108H, CH2), 0.87 (t, J = 7 Hz, 18H, CH3); 
13C NMR (125 MHz, CD2Cl2): δ 
157.4, 132.0, 131.7, 127.3, 127.2, 115.8, 112.4, 88.23, 69.07, 32.35, 30.13, 30.11, 30.09, 29.88, 29.79, 
29.72, 26.45, 23.11, 14.30; LR-MS (FD+): m/z (%): 1883.8 (4), 1882.8 (15), 1881.2 (31), 1880.9 (45), 
1880.2 (100), 1878.2 (65), 1681.5 (5), 1680.5 (9), 940.7 (10), 940.2 (19), 939.7 (24), 939.2 (15). 
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MM-NHP Depolymerization. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (10 mg, 0.015 
mmol, 10 wt%) and Ph3SiOH (15 mg, 0.0543 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 
20 mL vial was stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial 
containing a solution of MM-NHP (100 mg) in 1,2,4-trichlorobenzene (5 mL). The vial was sealed 
with tape, heated to 50 °C for 1 hour to dissolve polymer and then stirred at room temperature for 
24 hours. After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation. The crude 
material MM-NHX was analyzed by GPC, 1H NMR, and MALDI-MS. GPC (THF): Mn = 3.44 kDa, 
Mw = 6.53 kDa, PDI = 1.90, Ret. Volume = 25-31 mL; 
1H NMR (500 MHz, CDCl3): δ 10.00-9.89 
(m, 1H, NH), 8.60-8.41 (m, 1H, ArH), 7.49 (d, 1H, ArH), 7.24 (m, 1H, ArH), 7.06 (bm, 1H, ArH), 
6.88 (bm, 1H, ArH), 6.46 (bd, 1H, ArH), 4.26 (m, 2H, OCH2), 4.17 (m, 2H, OCH2), 3.88 (m, 2H, 
OCH2), 3.69-3.51 (m, 8H, OCH2), 3.34 (m, 3H, OCH3), 2.03 (m, 2H, CH2), 1.58 (m, 2H, CH2), 1.45-
1.26 (bm, 20H, CH2), 0.87 (m, 3H, CH3). 
 
MM-NMe2. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (10 mg, 0.015 mmol, 10 wt%) and 
Ph3SiOH (15 mg, 0.0543 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 20 mL vial was 
stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial containing a 
solution of MM-NMeP (100 mg) in 1,2,4-trichlorobenzene (5 mL). The vial was sealed with tape, 
heated to 50 °C for 1 hour to dissolve polymer and then stirred at room temperature for 24 hours. 
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After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation. The crude material 
[GPC (THF): Mn = 1.40 kDa, Mw = 2.55 kDa, PDI = 1.82, Ret. Volume = 27-32 mL] was purified 
via preparative GPC [Bio-Rad SX-1 Beads, DCM] to obtain MM-NMe2 cyclic dimer as an off-white 
solid (38 mg, 38%). GPC (THF): Mn = 759 Da, Mw = 918 Da, PDI = 1.21, Ret. Volume = 30-31 
mL; 1H NMR (500 MHz, CDCl3): δ 7.42 (s, 1H, ArH), 7.25 (s, 1H, ArH), 7.19-7.14 (m, 3H, ArH), 
7.09 (dt, J = 2, 7 Hz, 1H, ArH), 6.57 (d, J = 8.5 Hz, 1H, ArH), 3.89-3.73 (bm, 2H, OCH2), 3.42 (s, 
3H, NCH3), 1.75 (m, 2H, CH2), 1.44 (m, 2H, CH2), 1.26 (bm, 20H, CH2), 0.88 (t, J = 6.5 Hz, 3H, 
CH3); 
13C NMR (150 MHz, CD2Cl2): δ 168.0, 154.9, 143.7, 134.4, 133.1, 132.9, 129.3, 129.0, 127.4, 
126.2, 124.2, 114.2, 112.0, 90.36, 88.08, 68.76, 36.56, 32.34, 30.11, 30.09, 30.07, 30.05, 30.03, 29.77, 
29.52, 26.39, 23.10, 14.29; LR-MS (FD+): m/z (%): 892.0 (17), 891.0 (69), 890.0 (100). 
 
 
MM-NMeP Depolymerization at High Temperature. In a glove box, a solution of 
EtC≡Mo[NAr(tBu)]3 (2.5 mg, 0.0038 mmol, 10 wt%) and Ph3SiOH (3.75 mg, 0.0136 mmol, 15 wt%) 
in 1,2,4-trichlorobenzene (2.5 mL) in a 20 mL vial was stirred for 10 minutes. The catalyst solution 
was added to a 20 mL I-CHEM vial containing MM-NMeP (25 mg). The vial was sealed with tape, 
heated to 80 °C and stirred for 24 hours. After which, the 1,2,4-trichlorobenzene was removed via 
vacuum distillation to obtain a mixture of macrocycles (MM-NMeX). The crude material was 
analyzed by GPC, 1H NMR, and MALDI-MS. GPC (THF): Mn = 1.34 kDa, Mw = 2.67 kDa, PDI = 
1.99, Ret. Volume = 27-32 mL; 1H NMR (500 MHz, CDCl3): δ 7.40-7.20 (bm, 3H, ArH, buried 
under Ph3SiOH peaks), 7.18-7.13 (bm, 2H, ArH), 7.06 (bt, 1H, ArH), 6.55 (bt, 1H, ArH), 3.90-3.75 
(bm, 2H, OCH2), 3.47 (s, 3H, NCH3), 3.18 (d, J = 21.6 Hz, 2H, CH2), 1.76 (m, 2H, CH2), 1.44-1.27 
(bm, 22H, CH2), 0.88 (t, 3H, CH3). 
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OP-CC3. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (10 mg, 0.015 mmol, 10 wt%) and 
Ph3SiOH (15 mg, 0.0543 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 20 mL vial was 
stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial containing a 
solution of OP-CCP (100 mg) in 1,2,4-trichlorobenzene (5 mL). The vial was sealed with tape, 
heated to 50 °C for 1 hour to dissolve polymer and then stirred at room temperature for 24 hours. 
After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation. The crude material 
[GPC (THF): Mn = 1.20 kDa, Mw = 1.59 kDa, PDI = 1.32, Ret. Volume = 28-31 mL] was purified 
via precipitation of a saturated THF solution into MeOH to obtain OP-CC3 cyclic trimer as a 
orange solid (88 mg, 88%). GPC (THF): Mn = 1.31 kDa, Mw = 1.49 kDa, PDI = 1.14, Ret. Volume 
= 29-31 mL; 1H NMR (500 MHz, CD2Cl2): δ 7.83 (d, J = 16.5 Hz, 3H, C=CH), 7.82 (d, J = 8 Hz, 
3H, ArH), 7.74 (d, J = 8 Hz, 3H, ArH), 7.70 (d, J = 16.5 Hz, 3H, C=CH), 7.57 (d, J = 7.5 Hz, 3H, 
ArH), 7.36 (t, J = 7.5 Hz, 3 H, ArH), 7.26 (t, J = 7.5 Hz, 3H, ArH), 7.24 (d, J = 8.5 Hz, 3H, ArH), 
7.14 (s, 3H, ArH), 4.08 (t, J = 6.5 Hz, 6H, OCH2), 1.87 (m, 6H, CH2), 1.52 (m, 6H, CH2), 1.25 (bm, 
60H, CH2), 0.88 (t, J = 7 Hz, 9H, CH3); 
13C NMR (125 MHz, CD2Cl2): δ 156.8, 139.5, 132.6, 129.0, 
127.6, 127.4, 127.4, 126.1, 124.9, 124.7, 124.1, 123.9, 122.6, 115.2, 95.46, 89.15, 69.29, 32.41, 30.10, 
30.14, 30.11, 29.93, 29.84, 29.72, 26.66, 23.16, 14.34; LR-MS (FD+): m/z (%): 1245.3 (10), 1244.4 
(39), 1243.3 (88), 1242.3 (100), 1045.0 (5), 621.7 (4). 
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OP-NH3. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (10 mg, 0.015 mmol, 10 wt%) and 
Ph3SiOH (15 mg, 0.0543 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 20 mL vial was 
stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial containing a 
solution of OP-NHP (100 mg) in 1,2,4-trichlorobenzene (5 mL). The vial was sealed with tape, 
heated to 50 °C for 1 hour to dissolve polymer and then stirred at room temperature for 24 hours. 
After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation. The crude material 
[GPC (THF): Mn = 1.29 kDa, Mw = 2.72 kDa, PDI = 2.12, Ret. Volume = 26-31 mL] was purified 
via preparative TLC [silica gel, hexane/DCM 1:6] to obtain OP-NH3 cyclic trimer as a sticky off-
white solid (55 mg, 55%). GPC (THF): Mn = 1.23 kDa, Mw = 1.42 kDa, PDI = 1.15, Ret. Volume = 
29-31 mL; 1H NMR (500 MHz, CD2Cl2): δ 10.3 (s, 3H, NH), 8.57 (d, J = 8 Hz, 3H ArH), 8.29 (d, J 
= 8 Hz, 3H, ArH), 7.63 (d, J = 8 Hz, 3H, ArH), 7.45 (t, J = 7 Hz, 3H, ArH), 7.41 (d, J = 8 Hz, 3H, 
ArH), 7.20 (s, 3H, ArH), 7.17 (t, J = 7 Hz, 3H, ArH), 4.14 (t, J = 7 Hz, 6H, OCH2), 1.75 (m, 6H, 
CH2), 1.26-1.04 (bm, 66H, CH2), 0.87 (t, J = 6.4 Hz, 9H, CH3); 
13C NMR (125 MHz, CD2Cl2): δ 
163.0, 157.4, 140.1, 135.3, 133.2, 130.5, 128.3, 126.2, 124.3, 124.0, 121.5, 117.2, 113.0, 94.83, 88.66, 
72.26, 32.37, 30.11, 30.07, 30.05, 30.03, 29.94, 29.91, 29.79, 29.57, 29.37, 26.29, 23.13, 14.33; LR-MS 
(FD+): m/z (%): 1296.3 (12), 1295.2 (45), 1294.2 (92), 1293.2 (100), 647.2 (5), 646.6 (9), 115.0 (17). 
 
 
OP-NMeP Depolymerization. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (10 mg, 0.015 
mmol, 10 wt%) and Ph3SiOH (15 mg, 0.0543 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 
20 mL vial was stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial 
containing a solution of OP-NMeP (100 mg) in 1,2,4-trichlorobenzene (5 mL). The vial was sealed 
with tape, heated to 50 °C for 1 hour to dissolve polymer and then stirred at room temperature for 
24 hours. After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation to obtain a 
mixture of macrocycles OP-NMeX. The crude material was analyzed by GPC, 1H NMR, and 
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MALDI-MS. GPC (THF): Mn = 3.39 kDa, Mw = 8.25 kDa, PDI = 2.43, Ret. Volume = 25-31 mL; 
1H NMR (500 MHz, CDCl3): δ 7.69 (bm, 1H, ArH), 7.45 (bm, 2H, ArH), 7.15 (bs, 3H, ArH), 6.86 
(bs, 1H, ArH), 3.97 (m, 2H, OCH2), 3.45-3.23 (bm, 3H, NCH3), 1.85 (bs, 2H, CH2), 1.25 (bm, 22H, 
CH2), 0.85 (bs, 3H, CH3). 
 
 
OP-NMeP Depolymerization at High Temperature. In a glove box, a solution of 
EtC≡Mo[NAr(tBu)]3 (2.5 mg, 0.0038 mmol, 10 wt%) and Ph3SiOH (3.75 mg, 0.0136 mmol, 15 wt%) 
in 1,2,4-trichlorobenzene (2.5 mL) in a 20 mL vial was stirred for 10 minutes. The catalyst solution 
was added to a 20 mL I-CHEM vial containing OP-NMeP (25 mg). The vial was sealed with tape, 
heated to 80 °C and stirred for 24 hours. After which, the 1,2,4-trichlorobenzene was removed via 
vacuum distillation to obtain a mixture of macrocycles OP-NMeX. The crude material was 
precipitated from CHCl3 into MeOH and analyzed by GPC, 
1H NMR, and MALDI-MS. GPC 
(THF): Mn = 2.20 kDa, Mw = 3.62 kDa, PDI = 1.65, Ret. Volume = 26-31 mL; 
1H NMR (500 MHz, 
CDCl3): δ 7.67-7.62 (bm, 1H, ArH), 7.45-7.35 (bm, 2H, ArH), 7.14 (bs, 3H, ArH), 6.86 (bs, 1H, 
ArH), 3.96 (m, 2H, OCH2), 3.43-3.20 (bm, 3H, NCH3), 1.86 (bs, 2H, CH2), 1.26 (bm, 22H, CH2), 
0.87 (bs, 3H, CH3).  
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MMP2 Depolymerization. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (2.5 mg, 0.0038 
mmol, 10 wt%) and Ph3SiOH (3.75 mg, 0.0136 mmol, 15 wt%) in 1,2,4-trichlorobenzene (2.5 mL) in 
a 20 mL vial was stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial 
containing MMP2 (25 mg). The vial was sealed with tape and stirred at room temperature for 24 
hours. After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation to obtain a 
mixture of macrocycles (MMP2X). The crude material was analyzed by GPC. GPC (THF): Mn = 
4.42 kDa, Mw = 13.3 kDa, PDI = 3.00, Ret. Volume = 24-31 mL. 
 
Figure 3.12 – GPC traces of MMP2 (red), crude MMP2 depolymerization (green), and crude MM-CCP 
depolymerization (blue) for comparison. 
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3.7.6 MALDI-MS Data of Depolymerizations  
 
Figure 3.13 – MM-CCP crude depolymerization. 
 
 
 
Figure 3.14 – MM-NHP crude depolymerization. 
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Figure 3.15 – MM-NMeP crude depolymerization at room temperature. 
 
 
 
 
Figure 3.16 – MM-NMeP crude depolymerization at 80 °C. 
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Figure 3.17 – OP-CCP crude depolymerization. 
 
 
 
 
 
Figure 3.18 – OP-NHP crude depolymerization. 
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Figure 3.19 – OP-NMeP crude depolymerization at room temperature. 
 
 
 
 
 
Figure 3.20 – OP-NMeP crude depolymerization at 80 °C. 
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3.7.7 Analysis of NMe Monomers 
 
3.7.7.1 Potential Energy Profile for (Z)-N-Methyl-N-phenylbenzamide 
Calculations were performed at the DFT B3LYP/6-31G* level using the Spartan ‘10 program. 
The potential energy surface was scanned at every 10° intervals for the torsional angles of the Ar-
CO and Ar-NMe σ bonds (labeled A and B respectively). 
 
 
Figure 3.21 – Potential energy profiles of the CAr-Ccarbonyl (Ar-CO, red) and CAr-Namide (Ar-NMe, blue) σ 
bonds. 
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3.7.7.2 Variable Temperature 1H NMR Analysis of MM-NMe Monomer 
 
Figure 3.22 – Dynamic 1H NMR of MM-NMe in CDCl3 from -20 to 20 °C. 
 
Figure 3.23 – Dynamic 1H NMR of MM-NMe (aromatic region) in CD2Cl2 from -20 to 20 °C. 
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Figure 3.24 – Coalescence of N-methyl peaks of Z and E isomers from 25 to 29 °C.  
 
Used the below equation36 to determine ΔG‡ = 14.2 kcal/mol for EZ isomerization of MM-
NMe by coalescence of the N-methyl peaks at 29 °C (302 K). 
 
Δv = maximum peak separation at low-temperature [-20 °C]  = (3.447-3.164)*500 = 141.5 Hz 
 
ΔG‡ = aTc[9.972 + log (Tc / Δv)] 
ΔG‡ = (0.004574 kcal/mol * 302 K)[9.972 + log (302 K / 141.5 Hz)] 
ΔG‡ = 14.2 kcal/mol 
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3.7.7.3 Ratio of E-Z Isomers and Estimation of ΔGEZ of MM-NMe 
 
At -20 °C (CDCl3), ratio of E-Z is 1:5.92 by integration of the N-methyl peaks (Figure 3.25). 
Used the below equation to estimate the ΔGEZ of MM-NMe. 
 
ΔG = -RT*ln(K eq)  
ΔG = -1.987 cal/molK * 253 K * ln(5.92) 
ΔG = 0.894 kcal/mol (in favor of the Z isomer) 
 
Figure 3.25 – N-Methyl peaks of Z and E isomers with integration for ΔGEZ estimation (CDCl3). 
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3.7.7.4 Variable Temperature 1H NMR Analysis of OP-NMe Monomers 
 
Figure 3.26 – Dynamic 1H NMR of OP-NMe in toluene-d8 from 20 °C to 96 °C.  
 
Figure 3.27 – Coalescence of N-methyl peaks of Z and E isomers from 80 to 96 °C.  
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Used the below equation36 to determine ΔG‡ = 18.5 kcal/mol for EZ isomerization of OP-NMe by 
coalescence of the N-methyl peaks at 96 °C.  
 
Δv = maximum peak separation at low-temperature [20 °C]  = (3.226-2.792)*500 = 217 Hz 
 
ΔG‡ = aTc[9.972 + log (Tc / Δv)]  
ΔG‡ = (0.004574 kcal/mol * 396 K)[9.972 + log (369 K / 217 Hz)]  
ΔG‡ = 18.5 kcal/mol 
 
3.7.7.5 Ratio of E-Z Isomers and Estimation of ΔGEZ of OP-NMe 
 
At 20 °C (CDCl3), ratio of E-Z is 1:3.93 by integration of the N-methyl peaks (Figure 3.28). 
Used the below equation to estimate the ΔGEZ of OP-NMe. 
 
ΔG = -RT*ln(K eq) 
ΔG = -1.987 cal/molK * 293 K * ln (3.93) 
ΔG = 0.797 kcal/mol (in favor of the Z isomer) 
 
Figure 3.28 – N-Methyl peaks of Z and E isomers with integration for ΔGEZ estimation (CDCl3). 
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3.7.8 Determination of MM-CC3 Yield by NMR 
Figure 3.29 – 1H NMR of MM-CC3/MM-CCX mixture isolated after metathesis with pentachloroethane 
(Cl3CCCl2H, 5.01 µmol) as internal standard in CD2Cl2. * = MM-CC3, * = MM-CCX. 
 
After metathesis, isolated MM-CC3/MM-CCX mixture (46 mg) by precipitation from a THF 
solution into MeOH to separate from ligand (triphenylsilanol) and catalyst. Dissolved mixture (46 
mg) in 1.2 mL (CD2Cl2) and added 0.5 mL of solution to NMR tube containing 0.1 mL of a 
pentachloroethane solution (6 µL, 50.1 µmol pentachloroethane in 1 mL CD2Cl2). Determining the 
ratio of a MM-CC3 peak (7.57 or 6.94 ppm) to pentachloroethane (6.19 ppm) allowed estimation of 
the amount of MM-CC3 in the NMR tube to be 5.53 µmol or 10.4 mg. This corresponds to an 
overall yield of 50% for MM-CC3 and 42% for MM-CCX. 
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3.7.9 Geometry Minimized Structures of Potential NMe Macrocycles 
Note: Methoxy groups used in place of tetradecyloxy chains to shorten calculation time.  
 
Figure 3.30 – Geometry minimized structures (RM1 level) of possible MM-NMe cyclic trimer isomers. 
ZZZ-amide (top left), ZZE-amide (top right), ZEE-amide (bottom left), and EEE-amide (bottom right). 
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Figure 3.31 – Geometry minimized structures (RM1 level) of possible MM-NMe cyclic tetramer isomers. 
ZZZZ-amide (top left), ZZZE-amide (top right), ZEZE-amide (center left), ZZEE-amide (center right), 
ZEEE-amide (bottom left), and EEEE-amide (bottom right). 
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Table 3.2 – Estimated enthalpies of MM-NMe isomers (RM1 level). 
Isomer Energy (kcal/mol) 
3mer - EEE 571.07 
3mer - ZEE 572.77 
3mer - ZZE 572.27 
3mer - ZZZ 571.28 
4mer - EEEE 761.42 
4mer - ZEEE 760.83 
4mer - ZEZE 760.63 
4mer - ZZEE 759.94 
4mer - ZZZE 770.98 
4mer - ZZZZ 776.46 
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Figure 3.32 – Geometry minimized structures (RM1 level) of possible OP-NMe cyclic trimer isomers. ZZZ-
amide (top left), ZZE-amide (top right), ZEE-amide (bottom left), and EEE-amide (bottom right). 
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Figure 3.33 – Geometry minimized structures (RM1 level) of possible OP-NMe cyclic tetramer isomers. 
ZZZZ-amide (top left), ZZZE-amide (top right), ZEZE-amide (center left), ZZEE-amide (center right), 
ZEEE-amide (bottom left), and EEEE-amide (bottom right). 
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Table 3.3 – Estimated enthalpies of OP-NMe isomers (RM1 level). 
Isomer Energy (kcal/mol) 
3mer - EEE 572.11 
3mer - ZEE 575.95 
3mer - ZZE 592.34 
3mer - ZZZ 596.02 
4mer - EEEE 763.92 
4mer - ZEEE 764.82 
4mer - ZEZE 765.16 
4mer - ZZEE 764.49 
4mer - ZZZE 766.97 
4mer - ZZZZ 769.27 
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Chapter 4 
Homochiral Self-Sorting of BINOL Macrocycles* 
 
4.1 Introduction 
Self-assembly1 of chemical building blocks is very important for the design and 
understanding of molecular recognition2 and the preparation of functional materials3. The 
assembly process typically involves different partners that react in a specific manner to form the 
desired architectures either through non-covalent interactions or reversible covalent bond 
formations.4 A special case of self-assembly is self-sorting, which can be described by a system, 
containing at least two unique components, where each component selectively interacts with 
itself rather than the other components.5 An advantage of this method is the high fidelity5d of 
self-recognition that can be achieved in complex mixtures, thereby allowing for understanding 
and rational design of self-organizing systems, self-replication, and molecular networks.1,6 In 
particular, developing self-sorting and recognition of chiral building blocks7 is attractive because 
it enables the study of important biological processes, such as protein-receptor sites8 and the 
development of asymmetric catalysis9. 
Homochiral self-sorting is a specific type of chiral self-sorting where one chiral form 
interacts with itself over another chiral form. A homochiral substance is defined as one that 
contains only a single chiral form (R or S, D or L, M or P, etc.), whereas a heterochiral substance 
contains at least two different chiral forms. Homochiral self-sorting of a racemic mixture is a 
known phenomenon that has been most commonly observed in the solid state.10 In fact, 
spontaneous resolution of enantiomers during crystallization or conglomerate crystallization is 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!
* Portions of this Chapter are adapted from: Sisco, S. W.; Moore, J. S. Chem. Sci. 2014, 5, 81. 
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well documented ever since Pasteur’s classic experiment.11 In the case of Pasteur’s famous 
experiment, each enantiomer co-crystallizes only with itself forming single crystals of R chirality 
and S chirality from a racemic mixture of sodium potassium tartrate. This discovery was the first 
demonstration of a chiral resolution and helped solidify the concept of optical activity. 
Additionally, it has been further applied in successful chiral resolution of small molecule drug 
targets and intermediates from their racemic mixtures, which has implications in the 
manufacturing and preparation of new medicines.12  
In recent years, several successful efforts to translate this self-sorting concept to chiral 
mixtures in solution have been demonstrated.5e,13-16 However, the majority of these experiments 
exploited self-sorting via non-covalent interactions such as metal-ligand bonding,13 hydrogen-
bonding,14 π-π stacking,15 and steric hindrance16. The strong success of non-covalent interactions 
in chiral self-sorting could be partly due to the inspiration from nature which uses these 
interactions in complex sorting phenomenon. Additionally, many of these non-covalent 
interactions have precise molecular and geometric coding that one can use to design a system. 
Properties such as size, shape, and hydrogen bond complementarity, as well as coordination 
sphere, steric factors, and charge transfer, can be used for rational selection of sorting partners 
due to the strong preference of molecular geometry to minimize strain and maximize bonding 
stabilities.5e The translation of this chiral self-sorting concept to reversible covalent bonds has 
seen little success. This could be due to covalent bond formation being less susceptible to 
geometric factors because of increased bond flexibility and similar reactivity of bonds within 
homochiral and heterochiral species. 
Dynamic covalent chemistry (DCC) could enable homochiral self-sorting via covalent bond 
formation due to its reversibility and thermodynamic control.4f,5b,17 In recent years, DCC has 
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been increasingly used in the synthesis of chiral macrocyclic architectures.18-20 Thermodynamic 
control of the product distribution can lead to high yields and efficiency. However, in most cases 
the use of racemic starting materials generates large product distributions of both homochiral 
and heterochiral macrocycles due to similar reactivity of diastereomeric building blocks under 
DCC conditions.18 Moreover, use of templates18 or precipitation20 are generally needed to amplify 
a chiral macrocycle product to a reasonable yield. Tilley and co-workers have shown the only 
example of macrocyclization via DCC with inherent selectivity for homochiral products in 
solution using reversible zirconocene coupling.21 However, no rationalization was provided to 
explain the observed homochiral selectivity. Thus, an in-depth energetic analysis of homochiral 
self-sorting via DCC would be advantageous in the development of efficient chiral 
macrocyclizations, dynamic chiral resolutions, and chiral dynamic libraries. 
Alkyne metathesis was chosen due to the alkyne bond rigidity, which may provide some 
shape selectivity due to the increased conformational constraints compared with other DCC 
bonds. Since DCC is reversible, understanding a system’s thermodynamics will offer improved 
efficiency and control over the product distribution. To achieve high selectivity and efficiency, a 
thorough comparative analysis must be completed on the potential chiral products. While the 
similar structural connectivity between diastereomeric species often yield large product 
distributions in the absence of a template,18,20 the primary differences between homochiral and 
heterochiral species are stereochemistry and symmetry. The inherent symmetry differences 
between homochiral and heterochiral products could offer a useful attribute to achieve 
homochiral self-sorting. This chapter describes the homochiral self-sorting of macrocycles via 
alkyne metathesis and the role of symmetry and entropy on the chiral energy landscape (Figure 
4.1). Analysis of these factors may bring new insight to homochiral self-sorting and synthesis of 
more advanced chiral architectures via DCC. 
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Figure 4.1 – Symmetry-driven macrocyclization via DCC. 
 
4.2 BINOL Polymer Design and Preparation 
The 1,1'-binaphthyl-2,2'-diol (BINOL) motif, a C2-symmetric atropisomer, was chosen due 
its capability of generating macrocycles with high symmetry. Although the incorporation of 
BINOL in arylene-ethynylene macrocycles (AEMs) has been previously explored,22 these 
syntheses were under kinetic control and chiral self-sorting was not investigated. It is important 
to mention that it is often challenging to analyze chiral self-sorting due to the similarity of 
potential enantiomers and diastereomers that are formed during the reaction. To overcome this 
problem, a solubilizing chain with a different mass was incorporated onto each enantiopure 
BINOL monomer so that diasteromers and enantiomers are no longer formed. If both chains 
have similar electronics the metathesis reactivity should be comparable and not affect the 
thermodynamics. This strategy allows the homochiral and heterochiral species to be easily 
identifiable by simple mass spectrometry techniques. 
 
4.2.1 Synthesis of BINOL Monomers 
In order to prepare two BINOL-based poly(arylene-ethynylene)s of opposite chirality, the 
corresponding enantiopure R-BINOL and S-BINOL monomers were first synthesized. Each 
monomer type contains a different solubilizing chain, tetradecyloxy for R-BINOL and 
monomethyl triethyleneglycol for S-BINOL, to enable facile analysis of self-sorting experiments. 
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Both diiodo and diethynyl monomers were synthesized so that Sonogashira cross-coupling can 
be used to generate the corresponding BINOL polymers. 
The diiodo monomers, 4 and 7, were both synthesized from methyl 5-iodosalicylate (Scheme 
4.1). Etherification of 1 with bromotetradecane and monomethyl triethylenegycoltosylate 
provided the two aryl iodides 2 and 5 in 75% and 73% yield, respectively. The next step was 
hydrolysis of the methyl ester to afford 3 and 6 in almost quantitative yields. Then the (R)-
BINOL and (S)-BINOL diols were each reacted with the corresponding carboxylic acids 3 and 6 
under carbodiimide coupling conditions to yield the (R)-BINOL and (S)-BINOL diiodo 
monomers 4 and 7 in 88% and 73% yield, respectively. 
 
Scheme 4.1 – Synthesis of BINOL diiodo monomers. R = C14H29, Tg = (C2H4O)3CH3. 
 
Scheme 4.2 – Synthesis of BINOL diethynyl monomers. R = C14H29, Tg = (C2H4O)3CH3. 
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The diethynyl monomers, 10 and 13, were both synthesized from the functionalized aryl 
iodides 2 and 5, respectively (Scheme 4.2). Sonogashira coupling of both aryl iodides, 2 and 5, 
with (trimethylsilyl)acetylene followed by desilylation yielded the terminal alkynes 8 and 11 in 
85% and 81% yield over two steps, respectively. The next step was hydrolysis of the methyl ester 
to afford 9 and 12 in almost quantitative yields. Then the (R)-BINOL and (S)-BINOL diols were 
each reacted with the corresponding carboxylic acids 9 and 12 under carbodiimide coupling 
conditions to yield the (R)-BINOL and (S)-BINOL diethynyl monomers 10 and 13 in 96% and 
55% yield, respectively. 
 
4.2.2 Synthesis of BINOL Polymers 
In order to explore the self-sorting of chiral macrocycles via alkyne metathesis, both 
homochiral and heterochiral polymers are required. Sonogashira polymerization of the (R)-
BINOL monomers 4 and 10 provided homochiral polymer R-P1 in 98% yield with mass average 
molecular weight (Mw) of 50 kDa and polydispersity index (PDI) = 2.0 (Scheme 4.3). Under the 
same polymerization conditions, coupling of 7 and 13 afforded the (S)-BINOL homochiral 
polymer S-P2 in 62% yield with a molecular weight of Mw = 32 kDa and PDI = 2.3.  
 
Scheme 4.3 – Synthesis of homochiral BINOL polymers. R = C14H29, Tg = (C2H4O)3CH3. 
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Additionally, an alternating heterochiral polymer was synthesized via Sonogashira cross-
coupling of (S)-BINOL diiodo monomer 7 with the (R)-BINOL diethynyl monomer 10 to 
afford polymer RS-P3 in 75% yield with a Mw = 39 kDa and PDI = 2.0 (Scheme 4.4). The Mw 
of R-P1, S-P2, and RS-P3 were determined by gel permeation chromatography (GPC) with 
polystyrene standards. 
 
Scheme 4.4 – Synthesis of heterochiral BINOL polymer RS-P3. R = C14H29, Tg = (C2H4O)3CH3. 
 
4.3 Depolymerization, Self-Sorting, and BINOL Macrocycle Synthesis 
Alkyne metathesis has been used in the efficient preparation of conjugated AEMs and 
polymers;23-24 however, it has yet to be applied to the synthesis of chiral architectures. The goals 
of this work are to demonstrate chiral macrocycle synthesis via alkyne metathesis, and explore 
the resulting chiral self-sorting behavior to understand the effects of symmetry in 
macrocyclization via DCC.  
 
4.3.1 Homochiral Depolymerization to BINOL Dimers 
To demonstrate a thermodynamically controlled synthesis of chiral AEMs and establish the 
feasibility and efficiency of macrocyclization, each of the two homochiral polymers, R-P1 and S-
P2, was subjected to depolymerization-macrocyclization conditions via alkyne metathesis using 
10 wt% of tris-[N-(tert-butyl)(3,5-dimethylphenyl)amido]molybdenum (VI) propylidyne25 
(EtC≡Mo[NAr(tBu)]3) and triphenylsilanol
26 as a ligand in 1,2,4-trichlorobenzene (Scheme 4.5). 
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Efficient depolymerization of R-P1 via alkyne metathesis provided a large decrease in molecular 
weight to a single sharp peak as seen by GPC (Figure 4.2a – light blue trace). After removal of 
1,2,4-trichlorobenzene, purification was achieved by preparative thin-layer chromatography (prep 
TLC) using 2:3 hexane/dichloromethane to provide the dimer macrocycle RR-2mer in 51% 
yield. Depolymerization of the polymer S-P2 under identical alkyne metathesis conditions 
yielded a similar shift in molecular weight to a single peak as shown by the GPC trace (Figure 
4.2b – black trace). After removal of 1,2,4-trichlorobenzene, purification was achieved by prep 
TLC using 70:26:4 dichloromethane/acetone/methanol to provide the dimer macrocycle SS-
2mer in 55% yield.  
 
Scheme 4.5 – Depolymerization of R-P1 and S-P2 to synthesize homochiral dimers. Ar = 3,5-
dimethylbenzene, R = C14H29, Tg = (C2H4O)3CH3. 
 
Figure 4.2 – GPC traces of polymers and macrocycles. a) R-P1 (red), crude R-P1 depolymerization (light 
blue), and pure RR-2mer (green). b) S-P2 (blue), crude S-P2 depolymerization (black), and pure SS-
2mer (purple). 
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4.3.2 Self-Sorting Experiments 
Since alkyne metathesis is reversible, the product distribution is under thermodynamic 
control.24 Dynamic libraries comprised of building blocks of a single chirality can only form 
homochiral compounds as seen in Scheme 4.5. However, introducing building blocks of the 
opposite chirality greatly increases the complexity of the dynamic library because formation of 
heterochiral compounds is possible. In addition, symmetry will now play a larger role since more 
macrocycles are accessible with varying stereochemistry. To probe the effect of chirality and 
symmetry on the product distribution, several mixing experiments were performed. The extent 
of homochiral self-sorting was monitored by mass spectrometry taking advantage of the fact that 
both (R)-BINOL and (S)-BINOL monomers contain side chains of different masses. A 1:1 
mixture of R-P1 and S-P2 was subjected to alkyne metathesis to probe the reaction selectivity 
(Scheme 4.6). Field desorption mass spectra (FD-MS) analysis of the crude mixture indicated 
sole formation of the homochiral RR-2mer and SS-2mer products establishing the 
thermodynamic preference for these homochiral dimers (Figure 4.3b). Additionally, GPC 
analysis of the crude mixture displayed a distinct peak for each macrocycle respectively (Figure 
4.3a – green trace).  
 
Scheme 4.6 – Homochiral self-sorting via depolymerization of homopolymer mixture containing both 
R-P1 and S-P2. Ar = 3,5-dimethylbenzene, R = C14H29, Tg = (C2H4O)3CH3. 
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Figure 4.3 – GPC and FD-MS analysis of homochiral self-sorting. a) GPC traces of crude R-P1 + S-P2 
depolymerization (green), pure RR-2mer (red), and pure SS-2mer (blue). b) FD-MS spectra of crude 
depolymerization self-sorting. 
 
It is necessary to confirm that the self-sorting is under thermodynamic control. An 
alternative pathway for selective formation of the homochiral dimers involves a homochiral 
polymer reacting with the catalyst and then initiating an intramolecular ring-closing to form the 
dimer under kinetic control. This process precludes the two homochiral polymers from mixing 
and reacting. In order to provide further evidence that this self-sorting is truly under 
thermodynamic control, the alternating heterochiral polymer RS-P3 was subjected to the same 
alkyne metathesis conditions (Scheme 4.7). If only homochiral dimers are formed from this 
depolymerization then the polymers must be mixing and equilibrating during metathesis. After 
depolymerization via alkyne metathesis, FD-MS analysis again displayed only peaks that 
represent the homochiral macrocycles (Figure 4.4b). No peaks for heterochiral products were 
observed. The crude RS-P3 depolymerization mixture displayed a GPC trace similar to the 
mixed homochiral polymer metathesis experiment (Figure 4.4a – green trace). These results are 
in agreement with a homochiral self-sorting process where the homochiral products are more 
stable than the mixed, heterochiral species. 
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Scheme 4.7 – Homochiral self-sorting via depolymerization of the alternating heterochiral polymer RS-
P3. Ar = 3,5-dimethylbenzene, R = C14H29, Tg = (C2H4O)3CH3. 
 
Figure 4.4 – GPC and FD-MS analysis of heterochiral RS-P3 depolymerization. a) GPC traces of RS-P3 
(purple) and crude RS-P3 depolymerization (green). b) FD-MS spectra of crude depolymerization.  
 
4.4 Energy Analysis of the BINOL Dimers 
As stated previously, the use of racemic or heterochiral starting materials in DCC often 
provides complex mixtures of both heterochiral and homochiral macrocycles18 rather than the 
selective formation of homochiral macrocycles as shown here. This opportunity was leveraged to 
understand the observed homochiral self-sorting in order to learn the necessary conditions to 
develop other self-sorting chiral systems and materials. Additionally, it would be beneficial to 
probe the effect of symmetry on the energy landscape of dynamic macrocyclizations. In DCC, 
the major products are the most thermodynamically stable or those with the lowest Gibbs free 
energy (G), in which both enthalpy (H) and entropy (S) have a role. Elucidating the relative 
contribution of both these terms will enable greater understanding of the factors that affect 
homochiral self-sorting of macrocycles via DCC. 
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4.4.1 Computational Estimation of BINOL Dimer’s Enthalpy 
In macrocyclizations under thermodynamic control, molecular strain is often the dominant 
factor that determines the major product.24 The most stable macrocycles will have minimal ring 
strain, which corresponds to a lower enthalpy value. The enthalpy was estimated using 
computational modeling at the HF/3-21G* level (Figures 4.5-4.6). The homochiral SS-2mer 
was modeled along with the heterochiral RS-2mer. Methoxy groups were used as substituents to 
shorten the calculation time. The ΔH between the homochiral and heterochiral dimers is only 1.2 
kcal/mol, which is not surprising considering the structural similarity between the two 
macrocycles. However, it is interesting to note that the small calculated enthalpy difference is not 
enough to provide the observed homochiral selectivity. Even though these calculations were 
performed in the gas phase, the most important realization is the absence of any appreciable ring 
strain in the heterochiral dimer. 
 
Figure 4.5 – Left: Energy minimized structures of SS-2mer with two different views. Right: Molecular 
structure representations of corresponding energy minimized structure. Methoxy groups are in place of 
Tg chains. Geometry minimization and enthalpy value estimation at HF/3-21G* level.  
 165 
 
Figure 4.6 – Left: Energy minimized structures of RS-2mer with two different views. Right: Molecular 
structure representations of corresponding energy minimized structure. Methoxy groups are in place of 
Tg and C14H29 chains. Geometry minimization and enthalpy value estimation at HF/3-21G* level.  
 
4.4.2 Effect of Entropy in DCC and Self-Sorting 
Entropy differences are typically associated with higher disorder.27 This concept is especially 
true with regard to DCC, macrocyclizations, and self-assembly phenomena where it is postulated 
that maximizing the number of species in solution increases entropy due to greater disorder. 
However, both the homochiral and heterochiral dimers are the same-size macrocycle; therefore 
the same number of species would be produced for the observed self-sorting or a non-selective, 
statistical macrocyclization. Alternatively, entropy can be interpreted in terms of changes in 
information.28 Specifically, an increase in entropy is associated with loss of information 
(indistinguishability) or increased symmetry.29 Thus, from an informational entropy viewpoint, 
the more symmetrical homochiral RR/SS-2mers are entropically more favored than the 
heterochiral RS-2mer.30 
A system with homochiral products will display higher symmetry than one containing 
heterochiral products. The homochiral macrocycles are each composed of two homochiral 
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building blocks, whereas the heterochiral macrocycle is composed of two stereochemically 
distinct building blocks. Symmetry analysis of the homochiral and heterochiral dimers indicates a 
point group of D2 and C1, respectively (Figure 4.7). These differences in symmetry will have an 
impact on the rotational entropy since structures with higher symmetry have a larger number of 
indistinguishable orientations reached by rotation.31  
 
Figure 4.7 – Symmetry analysis of dimers (with methoxy groups rather than Tg and C14H29 chains). a) 
Model of SS-2mer, displaying two green lines for C2 rotational axes in plane of molecule, and center 
green dot is a C2 rotational axis orthogonal to other axes. b) RS-2mer only has the identity element (E). 
 
The symmetry number (σ) is related to the number of indistinguishable orientations and the 
symmetry point group. The symmetry number (σhomo) for the homochiral RR/SS-2mers is 4 
because there are three C2 rotational axes and the identity element (E), corresponding to four 
indistinguishable orientations of the molecule (Figure 4.7a). The symmetry number (σhetero) for 
the heterochiral RS-2mer is 1 because there are no rotational axes, with the identity element (E) 
being the only indistinguishable orientation (Figure 4.7b). The increase in rotational entropy due 
to the differences in symmetry corresponds to a TΔSσ of 0.82 kcal/mol at 298 K (Equation 
4.1).31  
TSσ = T * R * ln(σhomo/σhetero) = 298 K * 0.001987 kcal/molK * ln(4/1) = 0.82 kcal/mol 
Equation 4.1 – Rotational entropy difference between homochiral and heterochiral dimers. 
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It is expected that the translational and conformational components of entropy (Stranslational and 
Sconformational) of the homochiral and heterochiral dimers will both be positive but the differences to 
be small due to the similar mass and conformational volume of each macrocycle.32 Even though 
the estimated TΔSσ from Equation 4.1 is a low value, a ΔG of only 2.7 kcal/mol is needed for 
>99% of homochiral dimer formation at room temperature. Also, this analysis only focuses on 
the rotational symmetry of a single macrocycle rather than a whole homochiral or mixed 
heterochiral system. 
 
4.5 Self-Sorting at Low Temperature 
Since both the heterochiral and homochiral dimers display similar enthalpies and minimal 
ring strain, the entropy of self-sorting may be playing an important role in the observed 
homochiral selectivity. At lower temperatures the entropic factor will be smaller, so formation of 
heterochiral RS-2mer should be more competitive if entropy is a significant contributor to the 
ΔG. To investigate this, the heterochiral polymer RS-P3 was subjected to alkyne metathesis at 
low temperature (Scheme 4.8). Toluene was used as the solvent since 1,2,4-trichlorobenzene 
freezes at 16 °C.33 The reaction was carried out in a cold room maintained at 5 °C for 24 hours. 
After depolymerization of RS-P3, FD-MS analysis revealed peaks for the homochiral 
macrocycles RR-2mer and SS-2mer as well as the heterochiral macrocycle RS-2mer (Figure 
4.8a). 
 
Scheme 4.8 – Depolymerization-macrocyclization of RS-P3 at low temperature. Ar = 3,5-
dimethylbenzene. R = C14H29, Tg = (C2H4O)3CH3. 
RS-2mer
O
OO
O
OTg
OTg
OO
RO
RO
O
O
O
O
OO
OTg
O
O
OO
RO
TgOOR
n
RS-P3
SR Ph3SiOH (15 wt%)
toluene
5 °C, 24 h
Mo[NAr(tBu)]3 (10 wt%)Et RR-2mer
+
SS-2mer
and
 168 
 
Figure 4.8 – FD-MS spectra of metathesis at low temperature and observed formation of heterochiral 
dimer RS-2mer. a) Depolymerization of RS-P3. b) Mixing of 1:1 ratio of RR-2mer and SS-2mer. 
 
Scheme 4.9 – Mixing of homochiral RR/SS-2mers at low temperature. Ar = 3,5-dimethylbenzene. R = 
C14H29, Tg = (C2H4O)3CH3.  
 
It is important to determine that equilibrium was reached in the RS-P3 depolymerization at 
low temperature and that the RS-2mer is a favored product along with the homochiral dimers. 
If metathesis did not reach equilibrium due to diminished catalyst activity at low temperature, 
RS-2mer could have been kinetically trapped due to proximity of the monomers in the 
alternativing RS-P3 polymer, or there could be some residual heterochiral dimer present in the 
starting RS-P3 polymer that never had an opportunity to react and form homochiral dimers. To 
provide further evidence that equilibrium was reached and the heterochiral RS-2mer is a 
thermodynamic product at low temperature, a 1:1 mixture of the two homochiral dimers was 
subjected to metathesis at 5 °C in toluene (Scheme 4.9).34 Analysis by FD-MS after metathesis 
revealed all three possible dimers were formed at low temperature (Figure 4.8b); whereas only 
the homochiral dimers, as observed by FD-MS, were formed at room temperature.34  
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While these self-sorting results at low temperature indicate that entropy affects the self-
sorting since the product ratios change (i.e., ΔG decreases), it is difficult to determine if this was 
due to differences of symmetry or other variations between the homochiral and heterochiral 
dimers. All three macrocyclic dimers contain different combinations of the two side chains, 
tetradecyloxy and triethyleneglycol, which could modify other components of entropy since each 
chain is hydrophobic and hydrophilic, respectively. The RR-2mer and SS-2mer homochiral 
dimers contain two tetradecyloxy and two triethyleneglycol chains, respectively; whereas the RS-
2mer heterochiral dimer displays one of each chain. Entropy has multiple contributing factors 
and since it describes a thermodynamic system, it is difficult to estimate how small changes in the 
symmetry of the dimers, mass and polarity of the chains, and the intramolecular interactions of 
the dimers with the solvent and each other will impact the different entropic factors (rotational, 
conformational, translational, and vibrational). While it appears that entropy is playing a role in 
the observed homochiral self-sorting of BINOL dimers, it cannot be directly attributed solely to 
the differences of symmetry between the potential products. However, this does not downplay 
the potential effect that symmetry can have in dynamic macrocyclizations. Three-dimensional 
cage structures can display higher symmetry and larger values of Sσ, which could have greater 
impacts on the product distribution.30 
 
4.6 Conclusions 
Covalent homochiral self-sorting in solution was achieved by alkyne metathesis-mediated 
depolymerization of a heterochiral BINOL-based polymer into macrocyclic, homochiral dimers. 
The extension of alkyne metathesis to a chiral system established the feasibility of a 
thermodynamically controlled synthesis of chiral AEMs. Energy analysis of the possible dimers 
and results from metathesis performed at low temperature revealed that entropy affects the self-
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sorting, potentially due to increased symmetry of the homochiral products. A greater 
understanding of homochiral self-sorting via DCC will enable the creation of more efficient 
chiral dynamic combinatorial libraries and macrocycle synthesis. This work has also 
demonstrated that the traditional association of entropy with disorder does not always explain 
the outcome in dynamic macrocycle synthesis. Instead, the relationship of entropy and 
information (i.e., symmetry) can also be a useful probe to gain a better understanding of chemical 
self-sorting systems. This concept could have further potential applications in other areas such as 
origin of life research, asymmetric catalyst design, and dynamic thermodynamic chiral 
resolutions. 
 
4.7 Experimental Section 
 
4.7.1 General Information 
All air or moisture-sensitive manipulations were performed under an atmosphere of nitrogen 
using standard Schlenk techniques or in an argon-filled glove box. Analytical thin-layer 
chromatography (TLC) was performed on Kieselgel F-254 precoated silica gel plates. 
Visualization was performed with UV light (254 nm). Flash chromatography was performed 
using 60 Å silica gel from Silicycle, Inc. Preparative TLC was performed using Kieselgel F-254 
precoated silica gel plates (L x W: 20 cm x 20 cm, silica thickness: 1 mm) from Silicycle, Inc. All 
polymerization and metathesis reactions were prepared in an argon-filled glove box and run 
under an inert atmosphere; the reaction vessels were 20 mL I-CHEM vials fitted with 
PTFE/Silicone septa purchased from VWR International. All glassware was oven-dried prior to 
use. 
Unless otherwise stated, all starting materials and reagents were purchased from Sigma-
Aldrich and used without further purification. Palladium tetrakis(triphenylphosphine) and 
bis(triphenylphosphine) palladium(II) dichloride were purchased from Strem Chemicals, Inc., 1-
(3-Dimethylaminopropyl)-3-ethylcarbodiimide Hydrochloride (EDC) was purchased from TCI 
America, and TMS-acetylene was purchased from GFS Chemicals, Inc. The following 
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compounds were prepared according to literature procedures: tris[N-(tert-butyl)(3,5-
dimethylphenyl)amido]molybdenum(VI) propylidyne (EtC≡Mo[NAr(tBu)]3)
35, (2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)p-toluenesulfonate (TgOTs)36 and compound 137. Tetrahydrofuran 
(THF) and toluene was obtained from a Solvent Delivery System (SDS) equipped with activated 
neutral alumna columns under argon. Dichloromethane (DCM) was dried over 3Å MS and 
stored under nitrogen. 
1H and 13C NMR spectra were obtained on Varian Unity 500 MHz, Varian VXR 500 MHz, 
and Inova 500NB spectrometers. All spectra were recorded in CDCl3 at 20 °C unless noted 
otherwise. Chemical shifts are reported in δ (ppm) relative to the residual solvent peak (CDCl3: 
7.26 for 1H, 77.2 for 13C). Coupling constants (J) are expressed in hertz (Hz). Splitting patterns 
are designated as: s (singlet), d (doublet), t (triplet), dd (doublet of doublets), m (multiplet), bs 
(broad singlet), bd (broad doublet), bm (broad multiplet). Low-resolution EI and ESI mass 
spectra were recorded on a Micromass 70-VSE spectrometer and Waters Quattro II 
spectrometer, respectively. High-resolution EI and ESI mass spectra were recorded on a 
Micromass 70-VSE spectrometer and Micromass Q-TOF Ultima spectrometer. MALDI mass 
spectra were recorded on a Bruker Daltonics UltrafleXtreme MALDI TOFTOF spectrometer. 
FD mass spectra were recorded on a Micromass 70-VSE spectrometer. Analytical gel permeation 
chromatography (GPC) analyses were performed on a system composed of a Waters 515 HPLC 
pump, a Thermoseparations Trace series AS100 autosampler, a series of three Waters HR 
Styragel columns (7.8’ 300 mm, HR3, HR4, and HR5), and a Viscotek TDA Model 300 triple 
detector array, in HPLC grade THF (flow rate = 0.9 mL/min) at 30 °C. The GPC was calibrated 
using a series of monodisperse polystyrene standards. Molecular modeling, geometry 
optimization, and frequency calculations were completed using Spartan ‘10 Quantum Mechanics 
Program (Version 1.1.0; Wavefunction, Inc.) at the RHF level using the 3-21G* basis set. 
 
4.7.2 Synthesis of R-BINOL Monomers 
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Methyl 5-iodo-2-tetradecyloxybenzoate (2). In a 300 mL round bottom flask equipped with a 
reflux condenser, methyl 2-hydroxy-5-iodobenzoate 1 (5.05 g, 18.1 mmol, 1 equiv), anhydrous 
K2CO3 (4.52 g, 32.7 mmol, 1.8 equiv), 1-bromotetradecane (8.9 mL, 32.7 mmol, 1.8 equiv) and 
acetone (100 mL) were combined. The mixture was refluxed under N2 for 48 hours after which it 
was concentrated to a pale yellow-white solid. The crude solid was dissolved in DCM (250 mL), 
washed with saturated NaHCO3 solution (2 x 100 mL), and then dried over MgSO4 and 
concentrated to a colorless oil. The crude oil was purified by column chromatography [silica gel, 
gradient hexane/DCM 9:1 to 1:1 (1 L)] to obtain 2 as a colorless oil which solidified to a white 
solid (6.45 g, 13.6 mmol, 75%). 1H NMR (500 MHz, CDCl3): δ 8.04 (d, J = 2.5 Hz, 1H, ArH), 
7.68 (dd, J = 2, 8.5 Hz, 1H, ArH), 6.72 (d, J = 9 Hz, 1H, ArH), 3.99 (t, J = 6.5 Hz, 2H, OCH2), 
3.87 (s, 3H, OCH3), 1.81 (m, 2H, CH2), 1.32 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.88 (t, J = 7 Hz, 
3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 165.7, 158.7, 142.1, 140.2, 122.7, 115.7, 81.70, 69.39, 
52.40, 32.20, 29.95, 29.93, 29.87, 29.84, 29.64, 29.57, 29.28, 26.14, 22.97, 14.41; LR-MS (ESI+): 
m/z (%): 497.2 (11.4), 476.2 (23.5), 475.2 (100), 444.1 (10.4), 443.1 (47.1), 279.0 (29.8); HR-MS 
(ESI+): Calc for C22H36O3I (M+H)
+ 475.1709, Found 475.1711. 
 
 
5-iodo-2-tetradecyloxybenzoic acid (3). In a 200 mL round bottom flask equipped with a 
reflux condenser, methyl 5-iodo-2-tetradecyloxybenzoate 2 (1.53 g, 3.22 mmol, 1 equiv), LiOH 
(676 mg, 16.1 mmol, 5 equiv), THF (55 mL), and H2O (9 mL) were combined. The mixture was 
refluxed for 18 hours after which it was concentrated to remove THF. The residue was diluted 
with H2O (20 mL) and acidified to pH = 1 with concentrated HCl. The solid was extracted with 
DCM (4 x 50 mL) then dried over MgSO4 and concentrated to obtain 3 as a white solid (1.45 g, 
3.16 mmol, 98%). 1H NMR (500 MHz, CDCl3): δ 10.8 (s, 1H, CO2H), 8.46 (d, J = 2.5 Hz, 1H, 
ArH), 7.81 (dd, J = 2.5, 9 Hz, 1H, ArH), 6.81 (d, J = 8.5 Hz, 1H, ArH), 4.22 (t, J = 6.5 Hz, 2H, 
OCH2), 1.90 (m, 2H, CH2), 1.47 (m, 2H, CH2), 1.25 (bm, 20H, CH2), 0.87 (t, J = 6.5 Hz, 3H, 
CH3); 
13C NMR (125 MHz, CDCl3): δ 164.1, 157.5, 143.6, 142.3, 119.7, 115.0, 84.4, 70.80, 32.09, 
29.85, 29.81, 29.77, 29.67, 29.58, 29.53, 29.34, 28.98, 25.96, 22.87, 14.31; LR-MS (ESI+): m/z 
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(%): 478.2 (11), 462.2 (19), 461.2 (100), 443.1 (5); HR-MS (ESI+): Calc for C21H33O3I (M+H)
+ 
461.1553, Found 461.1563. 
 
 
(R)-[1,1’-binaphthalene]-2,2’-diyl(5-iodo-2-tetradecyloxybenzoate) (4). In a 100 mL round 
bottom flask, 5-iodo-2-tetradecyloxybenzoic acid 3 (920.5 mg, 2 mmol, 1 equiv), (R)-(+)-1,1’-
bi(2-naphthol) (286.5 mg, 1 mmol, 0.5 equiv), 4-dimethylaminopyridine (DMAP) (366.5 mg, 3 
mmol, 1.5 equiv), and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) 
(576 mg, 3 mmol, 1.5 equiv) were dissolved in 20 mL DCM. The mixture was stirred at room 
temperature for 24 hours under N2. After 24 hours, the mixture was diluted with DCM (20 mL) 
and washed with a saturated aqueous NaHCO3 solution (50 mL). The organic layer was dried 
over MgSO4 then concentrated to a light yellow oil. The crude material was purified by column 
chromatography [silica gel, hexane/EtOAc 95:5 (750 mL)] to obtain 4 as a sticky colorless solid 
(1.03 g, 0.88 mmol, 88%). 1H NMR (500 MHz, CDCl3): δ 8.07 (d, J = 9 Hz, 2H, ArH), 7.96 (d, J 
= 8 Hz, 2H, ArH), 7.63 (d, J = 9 Hz, 2H, ArH), 7.50 (dd, J = 2.5, 8.5 Hz, 2H, ArH), 7.46 (t, J = 
7 Hz, 2H, ArH), 7.40 (d, J = 8 Hz, 2H, ArH), 7.32 (t, J = 7 Hz, 2H, ArH), 6.98 (d, J = 2.5 Hz, 
2H, ArH), 6.52 (d, J = 9 Hz, 2H, ArH), 3.81 (m, 4H, OCH2), 1.65 (m, 4H, CH2), 1.25 (bm, 44H, 
CH2), 0.89 (t, J = 7 Hz, 6H, CH3); 
13C NMR (125 MHz, CDCl3): δ 162.2, 158.7, 147.0, 142.0, 
139.7, 133.5, 131.7, 130.0, 128.4, 127.1, 126.2, 126.0, 123.8, 122.2, 121.6, 115.2, 81.35, 69.22, 
32.11, 29.90, 19.88, 29.87, 29.73, 29.56, 29.48, 28.96, 25.94, 22.88, 14.32; LR-MS (ESI+): m/z 
(%): 1231.4 (23), 1230.4 (35), 1194.4 (52), 1193.4 (75), 1171.4 (100); HR-MS (ESI+): Calc for 
C62H76O6I2 (M+H)
+ 1171.3794, Found 1171.3810.  
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Methyl 2-tetradecyloxy-5-(trimethylsilyl)ethynylbenzoate (2a). In a 100 mL Schlenk flask 
under a positive flow of N2 were charged 2 (3.30 g, 6.95 mmol, 1 equiv), CuI (66 mg, 0.348 
mmol, 0.05 equiv) and Pd(PPh3)2Cl2 (122 mg, 0.174 mmol, 0.025 equiv) then capped with a 
rubber septum. The flask was evacuated and backfilled with N2 three times. The solids were 
dissolved in anhydrous piperidine (35 mL) to give a light yellow solution followed by addition of 
(trimethylsilyl)acetylene (4.9 mL, 34.8 mmol, 5 equiv). The reaction was stirred for 18 hours at 
room temperature under N2. After 18 hours, the brown slurry was diluted with EtOAc (50 mL) 
and filtered through a small silica pad. The filtrate was concentrated to a dark brown oily residue 
and purified by column chromatography [silica gel, hexane (500 mL) then hexane/EtOAc 
97.5:2.5 (750 mL)] to obtain 2a as a thick reddish-brown oil (2.85 g, 6.40 mmol, 92%). 1H NMR 
(500 MHz, CDCl3): δ 7.89 (d, J = 2 Hz, 1H, ArH), 7.50 (dd, J = 2, 8.5 Hz, 1H, ArH), 6.84 (d, J = 
8.5 Hz, 1H, ArH), 4.00 (t, J = 6.5 Hz, 2H, OCH2), 3.86 (s, 3H, OCH3), 1.82 (m, 2H, CH2), 1.46 
(m, 2H, CH2), 1.25 (m, 20H, CH2), 0.87 (t, J = 7 Hz, 3H, CH3), 0.22 (s, 9H, Si(CH3)3; 
13C NMR 
(125 MHz, CDCl3): δ 166.2, 158.9, 136.9, 135.8, 120.5, 115.1, 113.1 104.2, 93.50, 69.23, 52.19, 
32.17, 29.93, 29.91, 29.84, 29.81, 29.60, 29.56, 29.28, 26.12, 22.94, 14.36, 0.21; LR-MS (ESI+): 
m/z (%): 446.3 (33.3), 445.3 (100), 414.3 (12.8), 413.3 (41.5), 249.1 (10.3); HR-MS (ESI+): Calc 
for C27H45O3Si (M+H)
+ 445.3138, Found 445.3142. 
 
 
Methyl 5-ethynyl-2-tetradecyloxybenzoate (8). In a 200 mL round bottom flask, 2a (2.30 g, 
5.17 mmol, 1 equiv) was dissolved in 103 mL THF, followed by addition of TBAF [1M, THF] 
(6.5 mL, 6.50 mmol, 1.25 equiv) and acetic acid (0.38 mL, 6.64 mmol, 1.3 equiv). The resulting 
brown solution was stirred at room temperature for 10 minutes then concentrated to a brown 
oil. The crude material was dissolved with silica gel and then purified by column chromatography 
[silica gel, hexane/EtOAc 95:5 (600 mL)] to obtain 8 as a white solid (1.77 g, 4.75 mmol, 92%). 
1H NMR (500 MHz, CDCl3): δ 7.91 (d, J = 2 Hz, 1H, ArH), 7.53 (dd, J = 2, 9 Hz, 1H, ArH), 
6.88 (d, J = 9 Hz, 1H, ArH), 4.02 (t, J = 6.5 Hz, 2H, OCH2), 3.87 (s, 3H, OCH3), 3.00 (s, 1H, 
CCH) 1.82 (m, 2H, CH2), 1.45 (m, 2H, CH2), 1.25 (m, 20H, CH2), 0.87 (t, J = 7 Hz, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 166.2, 159.1, 137.2, 135.8, 120.7, 114.0, 113.2 82.85, 76.73, 69.30, 
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52.29, 32.19, 29.95, 29.93, 29.86, 29.84, 29.63, 29.57, 29.29, 26.14, 22.96, 14.39; LR-MS (ESI+): 
m/z (%): 396.3 (25.1), 395.3 (100), 373.3 (14.6), 341.2 (25.6), 177.1 (9.8); HR-MS (ESI+): Calc 
for C24H37O3 (M+H)
+ 373.2743, Found 373.2740. 
 
 
5-ethynyl-2-tetradecyloxybenzoic acid (9). In a 200 mL round bottom flask equipped with a 
reflux condenser, 8 (1.60 g, 4.29 mmol, 1 equiv), LiOH (903 mg, 21.5 mmol, 5 equiv), THF (72 
mL), and H2O (12 mL) were combined. The mixture was refluxed for 18 hours after which it 
was concentrated to remove THF. The residue was diluted with H2O (20 mL) and acidified to 
pH = 1 with concentrated HCl. The solid was extracted with DCM (4 x 50 mL) then dried over 
MgSO4 and concentrated to obtain 9 as a white solid (1.51 g, 4.23 mmol, 99%). 
1H NMR (500 
MHz, CDCl3): δ 10.9 (s, 1H, CO2H), 8.28 (d, J = 2 Hz, 1H, ArH), 7.62 (dd, J = 1.5 , 7.5 Hz, 1H, 
ArH), 6.98 (d, J = 9 Hz, 1H, ArH), 4.23 (t, J = 6.5 Hz, 1H, OCH2), 3.05 (s, 1H, CCH), 1.90 (m, 
2H, CH2), 1.47 (m, 2H, CH2), 1.24 (bm, 20H, CH2), 0.86 (t, J = 6.5 Hz, 3H, CH3); 
13C NMR (125 
MHz, CDCl3): δ 164.9, 157.8, 138.4, 137.7, 118.0, 116.3, 112.9, 81.87, 77.69, 70.70, 32.07, 29.83, 
29.79, 29.75, 29.66, 29.56, 29.50, 29.33, 28.97, 25.95, 22.84, 14.27; LR-MS (ESI+): m/z (%): 
360.3 (19), 359.3 (76), 342.3 (23), 341.2 (100), 338.3 (29), 163.0 (59); HR-MS (ESI+): Calc for 
C23H34O3 (M+H)
+ 359.2586, Found 359.2591. 
 
 
(R)-[1,1’-binaphthalene]-2,2’-diyl(5-ethynyl-2-tetradecyloxybenzoate) (10). In a 100 mL 
round bottom flask, 5-ethynyl-2-tetradecyloxybenzoic acid 9 (592 mg, 1.65 mmol, 1 equiv), (R)-
(+)-1,1’-bi(2-naphthol) (236 mg, 0.825 mmol, 0.5 equiv), DMAP (303 mg, 2.48 mmol, 1.5 equiv), 
and EDC (475 mg, 2.48 mmol, 1.5 equiv) were dissolved in DCM (17 mL). The mixture was 
stirred at room temperature for 24 hours under N2. After 24 hours, the mixture was diluted with 
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DCM (20 mL) and washed with a saturated aqueous NaHCO3 solution (50 mL). The organic 
layer was dried over MgSO4 then concentrated to a light yellow oil. The crude material was 
purified by column chromatography [silica gel, hexane/DCM 3:1 (300 mL) then hexane/DCM 
1:1 (600 mL)] to obtain 10 as a sticky colorless solid (764 mg, 0.79 mmol, 96%). 1H NMR (500 
MHz, CDCl3): δ 8.02 (d, J = 8.5 Hz, 2H, ArH), 7.92 (d, J = 8 Hz, 2H, ArH), 7.60 (d, J = 9 Hz, 
2H, ArH), 7.44 (t, J = 8 Hz, 2H, ArH), 7.40 (d, J = 9 Hz, 2H, ArH), 7.37 (dd, J = 2, 8.5 Hz, 2H, 
ArH), 7.31 (t, J = 7.5 Hz, 2H, ArH), 6.99 (d, J = 2 Hz, 2H, ArH), 6.70 (d, J = 9 Hz, 2H, ArH), 
3.83 (m, 4H, OCH2), 2.95 (s, 2H, CCH), 1.64 (m, 4H, CH2), 1.25 (bm, 44H, CH2), 0.89 (t, J = 7 
Hz, 6H, CH3); 
13C NMR (125 MHz, CDCl3): δ 163.0, 159.1, 147.1, 137.1, 135.6, 133.5, 131.7, 
129.8, 128.2, 126.9, 126.3, 125.8, 123.9, 122.2, 119.7, 113.6, 112.8, 82.64, 76.28, 69.10, 32.10, 
29.89, 29.88, 29.86, 29.84, 29.80, 29.72, 29.55, 29.47, 28.94, 25.92, 22.87, 14.31; LR-MS (ESI+): 
m/z (%): 1094.1 (29), 1093.1 (54), 991.6 (25), 990.6 (69), 989.6 (100), 967.6 (21); HR-MS (ESI+): 
Calc for C66H78O6 (M+H)
+ 967.5881, Found 967.5877. 
 
4.7.3 Synthesis of S-BINOL Monomers 
 
 
Methyl 5-iodo-2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)benzoate (5). In a 200 mL round 
bottom flask equipped with a reflux condenser, methyl 2-hydroxy-5-iodobenzoate 1 (4.5 g, 16.2 
mmol, 1 equiv), (2-(2-(2-methoxyethoxy)ethoxy)ethoxy)p-toluenesulfonate (TgOTs) (5.67 g, 17.8 
mmol, 1.1 equiv), K2CO3 (2.68 g, 19.4 mmol, 1.2 equiv), NaI (243 mg, 1.62 mmol, 0.1 equiv) and 
acetone (80 mL) were combined. The mixture was refluxed for 48 hours under N2, after which it 
was concentrated to remove acetone. The residue was diluted with DCM (50 mL) and washed 
with brine (40 mL). The organic layer was dried over MgSO4 and then concentrated to obtain a 
light yellow oil. The crude material was purified by column chromatography [silica gel, gradient 
hexane/EtOAc 2:1 to 1:3 (1 L)] to obtain 5 as a pale yellow oil (5.01 g, 11.8 mmol, 73%) 
containing 10% unreacted TgOTs (382 mg, 1.2 mmol). 1H NMR (500 MHz, CDCl3): δ 7.98 (d, J 
= 2.5 Hz, 1H, ArH), 7.61 (dd, J = 2.5, 8.5 Hz, 1H, ArH), 6.70 (dd, J = 2.0, 9 Hz, 1H, ArH), 4.10 
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(t, J = 5 Hz, 2H, OCH2), 3.81 (d, J = 5 Hz, 2H, OCH2), 3.80 (s, 3H, OCH3), 3.69 (t, J = 5 Hz, 
2H, OCH2), 3.58 (m, 4H, OCH2), 3.47 (t, J = 4.5 Hz, 2H, OCH2), 3.30 (s, 3H, OCH3); 
13C NMR 
(125 MHz, CDCl3): δ 165.1, 158.2, 141.8, 139.9, 112.9, 116.2, 82.19, 71.91, 70.98, 70.72, 70.66, 
70.51, 69.46, 69.22, 69.17, 68.65, 58.98, 52.10; LR-MS (ESI+): m/z (%): 448 (12), 447 (100), 425 
(26), 393 (33), 147.1 (12), 103.1 (45); HR-MS (ESI+): Calc for C15H21O6I (M+Na)
+ 447.0269, 
Found 447.0281. 
 
 
5-iodo-2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)benzoic acid (6). In a 200 mL round 
bottom flask equipped with a reflux condenser, methyl 5-iodo-2-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)benzoate 5 (containing 10% unreacted TgOTs) (1.6 g, 3.77 mmol, 
1 equiv), LiOH (793 mg, 18.9 mmol, 5 equiv), THF (64 mL), and H2O (11 mL) were combined. 
The mixture was refluxed for 18 hours after which it was concentrated to remove THF. The 
residue was diluted with H2O (20 mL) and acidified to pH = 1 with concentrated HCl. The solid 
was extracted with DCM (4 x 50 mL) then dried over MgSO4 and concentrated to obtain 6 as a 
sticky colorless solid (1.53 g, 3.73 mmol, 99%) containing 7% unreacted TgOTs (83 mg, 0.27 
mmol). 1H NMR (500 MHz, CDCl3): δ 9.33 (bs, 1H, CO2H), 8.33 (d, J = 2.5 Hz, 1H, ArH), 7.74 
(dd, J = 2, 8.5 Hz, 1H, ArH), 6.78 (d, J = 9 Hz, 1H, ArH), 4.30 (t, J = 4.5 Hz, 2H, OCH2), 3.87 
(t, J = 4.5 Hz, 2H, OCH2), 3.69 (m, 2H, OCH2), 3.63 (m, 2H, OCH2), 3.60 (m, 2H, OCH2), 3.50 
(m, 2H, OCH2), 3.33 (s, 3H, OCH3); 
13C NMR (125 MHz, CDCl3): δ 164.4, 157.3, 143.1, 141.8, 
121.0, 115.9, 84.57, 71.94, 70.83, 70.61, 70.58, 69.54, 68.63, 59.03; LR-MS (ESI+): m/z (%): 434 
(12), 433 (100), 411 (15), 393 (21), 103.1 (19); HR-MS (ESI+): Calc for C14H19O6I (M+Na)
+ 
433.0110, Found 433.0124. 
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(S)-[1,1’-binaphthalene]-2,2’-diyl(5-iodo-2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy) 
benzoate) (7). In a 100 mL round bottom flask, 6 (containing 7% unreacted TgOTs) (967 mg, 
2.36 mmol, 1 equiv), (S)-(-)-1,1’-bi(2-naphthol) (338 mg, 1.18 mmol, 0.5 equiv), DMAP (432.5 
mg, 3.54 mmol, 1.5 equiv), and EDC (678 mg, 3.54 mmol, 1.5 equiv) were dissolved in DCM 
(23.5 mL). The mixture was stirred at room temperature for 24 hours under N2. After 24 hours, 
the mixture was diluted with DCM (20 mL) and washed with a saturated aqueous NaHCO3 
solution (50 mL). The organic layer was dried over MgSO4 then concentrated to a light yellow 
oil. The crude material was purified by column chromatography [silica gel, gradient 
DCM/acetone 9:1 to 2:1 (1 L)] to obtain 7 as a sticky colorless solid (916 mg, 0.856 mmol, 73%). 
1H NMR (500 MHz, CDCl3): δ 8.06 (d, J = 9 Hz, 2H, ArH), 7.96 (d, J = 8 Hz, 2H, ArH), 7.61 (d, 
J = 9 Hz, 2H, ArH), 7.52 (dd, J = 2, 8.5 Hz, 2H, ArH), 7.47 (t, J = 7.5 Hz, 2H, ArH), 7.38 (d, J = 
8 Hz, 2H ArH), 7.32 (t, J = 7.5 Hz, 2H, ArH), 6.98 (d, J = 2 Hz, 2H, ArH), 6.60 (d, J = 9 Hz, 
2H, ArH), 3.96 (m, 4H, OCH2), 3.68 (t, J = 5 Hz, 4H OCH2), 3.64 (m, 4H, OCH2), 3.59 (m, 8H, 
OCH2), 3.50 (m, 4H, OCH2), 3.34 (s, 6H, OCH3); 
13C NMR (125 MHz, CDCl3): δ 162.0, 158.7, 
147.0, 142.2, 139.8, 133.5, 131.71, 130.0, 128.4, 127.1, 126.2, 126.0, 123.8, 122.2, 116.3, 82.18, 
72.07, 71.08, 70.78, 70.64, 69.48, 69.30, 59.16; LR-MS (ESI+): m/z (%): 1095.1 (14), 1094.1 (51), 
1093.1 (100), 1089.2 (30), 1088.2 (59), 1072.1 (23), 1071.1 (48); HR-MS (ESI+): Calc for 
C48H48O12I2 (M+H)
+ 1071.1323, Found 1071.1314.  
 
 
Methyl 2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)-5-(trimethylsilyl)ethynylbenzoate (5a). 
In a 100 mL Schlenk flask, CuI (42.8 mg, 0.225 mmol, 0.05 equiv) and Pd(PPh3)2Cl2 (158 mg, 
0.225 mmol, 0.05 equiv) were added and then sealed with a septa. The flask was evacuated and 
refilled with N2 three times. Next, a solution of methyl 5-iodo-2-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)benzoate 5 (containing 10% unreacted TgOTs) (1.921 g, 4.87 
mmol, 1 equiv) in THF (18 mL) was added via syringe followed by  diisopropylamine (6 mL) and 
(trimethylsilyl)acetylene (3.2 mL, 22.5 mmol, 5 equiv). The mixture was stirred at room 
temperature for 18 hours after which it was filtered through a short pad of silica. The resulting 
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solution was concentrated to a dark brown oil and concentrated to a dark oily residue. This 
material was purified by column chromatography [silica gel, gradient hexane/EtOAc 4:1 to 1:4 (1 
L)] to obtain 5a as a light brown oil (1.65 g, 4.18 mmol, 86%) containing 15% unreacted TgOTs 
(199 mg, 0.625 mmol). 1H NMR (500 MHz, CDCl3): δ 7.88 (d, J = 2.5 Hz, 1H, ArH), 7.50 (dd, J 
= 2, 8.5 Hz, 1H, ArH), 6.88 (d, J = 8.5 Hz, 1H, ArH), 4.17 (t, J = 5 Hz, 2H, OCH2), 3.87 (t, J = 
6 Hz, 2H, OCH2), 3.84 (s, 3H, OCH3), 3.74 (t, J = 4.5 Hz, 2H, OCH2), 3.62 (m, 4H, OCH2), 3.51 
(t, J = 4.5 Hz, 2H, OCH2), 3.34 (s, 3H, OCH3), 0.21 (s, 9H, SiCH3); 
13C NMR (125 MHz, 
CDCl3): δ 165.9, 158.4, 136.8, 135.6, 120.8, 115.6, 113.6, 104.0, 93.69, 72.06, 71.15, 70.81, 70.65, 
69.59, 69.33, 69.09, 59.11, 52.09, 0.075; LR-MS (ESI+): m/z (%): 417.2 (100), 395.2 (77), 364.2 
(14), 363.2 (64), 103.1 (55); HR-MS (ESI+): Calc for C20H30O6Si (M+H)
+ 395.1890, Found 
395.1877. 
 
 
Methyl 5-ethynyl-2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)benzoate (11). In a 200 mL 
round bottom flask, 5a (containing 15% TgOTs) (1.61 g, 4.07 mmol, 1 equiv) was dissolved in 
THF (80 mL). Next, TBAF [1M THF] (4.9 mL, 4.9 mmol, 1.2 equiv) and acetic acid (0.28 mL, 
4.85 mmol, 1.2 equiv) were added sequentially via syringe. After stirring for 10 minutes at room 
temperature, the solution was concentrated to a yellow oil and purified by column 
chromatography [silica gel, gradient hexane/EtOAc 1:1 to 1:6 (800 mL)] to obtain 11 as a light 
brown oil (1.23 g, 3.82 mmol, 94%) containing 15% unreacted TgOTs (182 mg, 0.57 mmol). 1H 
NMR (500 MHz, CDCl3): δ 7.84 (d, J = 2.5 Hz, 1H, ArH), 7.47 (dd, J = 2, 8.5 Hz, 1H, ArH), 
6.87 (d, J = 9 Hz, 1H, ArH), 4.14 (t, J = 5 Hz, 2H, OCH2), 3.83 (t, J = 4.5 Hz, 2H, OCH2), 3.80 
(s, 3H, OCH3), 3.69 (t, J = 5 Hz, 2H, OCH2), 3.58 (m, 4H, OCH2), 3.47 (t, J = 4.5 Hz, 2H, 
OCH2), 3.30 (s, 3H, OCH3), 2.99 (s, 1H, CCH); 
13C NMR (125 MHz, CDCl3): δ 165.7, 158.5, 
136.8, 135.4, 120.8, 114.3, 113.6, 82.44, 76.82, 71.90, 71.00, 70.70, 70.66, 70.48, 69.43, 69.00, 
58.94, 52.01; LR-MS (ESI+): m/z (%): 345.2 (37), 323.1 (61), 291.1 (65), 147.1 (20), 103.1 (100); 
HR-MS (ESI+): Calc for C17H22O6 (M+H)
+ 323.1495, Found 323.1498. 
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5-ethynyl-2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)benzoic acid (12). In a 200 mL round 
bottom flask equipped with a reflux condenser, methyl 5-ethynyl-2-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)benzoate 11 (containing 15% unreacted TgOTs) (993 mg, 3.08 
mmol, 1 equiv), LiOH (755 mg, 18 mmol, 5 equiv), THF (62 mL), and H2O (10 mL) were 
combined. The mixture was refluxed for 18 hours after which it was concentrated to remove 
THF. The residue was diluted with H2O (40 mL) and acidified to pH = 1 with concentrated HCl. 
The solid was extracted with DCM (4 x 50 mL) then dried over MgSO4 and concentrated to 
obtain 12 as a pale brown oil (926 mg, 3.0 mmol, 97%) containing 5% unreacted TgOTs (58 mg, 
0.18 mmol). 1H NMR (500 MHz, CDCl3): δ 8.93 (bs, 1H, CO2H), 8.19 (d, J = 2 Hz, 1H, ArH), 
7.58 (dd, J = 2, 8.5 Hz, 1H, ArH), 6.96 (d, J = 8.5 Hz, 1H, ArH), 4.33 (t, J = 4.5 Hz, 2H, OCH2), 
3.89 (t, J = 5 Hz, 2H, OCH2), 3.71 (m, 2H, OCH2), 3.65 (m, 2H, OCH2), 3.61 (m, 2H, OCH2), 
3.51 (m, 2H, OCH2), 3.34 (s, 3H, OCH3), 3.04 (s, 1H, CCH); 
13C NMR (125 MHz, CDCl3): δ 
165.2, 157.5, 137.8, 137.2, 119.7, 116.5, 113.7, 82.02, 77.62, 72.00, 70.91, 70.67, 70.64, 69.44, 
68.74, 59.07; LR-MS (ESI+): m/z (%): 331.1 (78), 309.1 (32), 291.1 (52), 103.1 (100); HR-MS 
(ESI+): Calc for C16H20O6 (M+H)
+ 309.1338, Found 309.1330. 
 
 
(S)-[1,1’-binaphthalene]-2,2’-diyl(5-ethynyl-2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy) 
benzoate) (13). In a 100 mL round bottom flask, 12 (containing 5% unreacted TgOTs) (890 mg, 
2.89 mmol, 1 equiv), (S)-(-)-1,1’-bi(2-naphthol) (413 mg, 1.44 mmol, 0.5 equiv), DMAP (529 mg, 
4.33 mmol, 1.5 equiv), and EDC (830 mg, 4.33 mmol, 1.5 equiv) were dissolved in DCM (29 
mL). The mixture was stirred at room temperature for 24 hours under N2. After 24 hours, the 
mixture was diluted with DCM (20 mL) and washed with a saturated aqueous NaHCO3 solution 
(50 mL). The organic layer was dried over MgSO4 then concentrated to a light yellow oil that was 
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purified by column chromatography [silica gel, gradient DCM/acetone 9:1 to 2:1 (800 mL)] to 
obtain 13 as a sticky colorless solid (688 mg, 0.794 mmol, 55%). 1H NMR (500 MHz, CDCl3): δ 
8.01 (d, J = 9 Hz, 2H, ArH), 7.91 (d, J = 8.5 Hz, 2H, ArH), 7.58 (d, J = 9 Hz, 2H, ArH), 7.44 (t, 
J = 8 Hz, 2H, ArH), 7.38 (m, 4H, ArH), 7.31 (t, J = 7.5 Hz, 2H, ArH), 6.97 (d, J = 2 Hz, 2H, 
ArH), 6.76 (d, J = 9 Hz, 2H, ArH), 3.98 (m, 4H, OCH2), 3.66 (t, J = 5 Hz, 4H, OCH2), 3.62 (m, 
4H, OCH2), 3.57 (m, 8H, OCH2), 3.49 (m, 4H, OCH2), 3.34 (s, 6H, OCH3), 2.98 (s, 2H, CCH); 
13C NMR (125 MHz, CDCl3): δ 162.7, 158.9, 147.1, 137.1, 135.6, 133.5, 131.7, 129.8, 128.2, 
127.0, 126.2, 125.9, 123.8, 122.1, 119.9, 114.3, 113.8, 82.44, 76.59, 72.03, 71.04, 70.73, 70.59, 
69.39, 69.05, 59.09; LR-MS (ESI+): m/z (%): 891.2 (24), 890.1 (65), 889.1 (100), 867.2 (64), 
780.1 (11), 779.1 (20); HR-MS (ESI+): Calc for C52H50O12 (M+H)
+ 867.3358, Found 867.3381. 
 
4.7.4 Synthesis of BINOL Polymers 
 
 
R-P1. In a glovebox, a 20 mL I-CHEM vial was charged with R-diiodo monomer 4 (849 mg, 
0.725 mmol, 1 equiv), R-diethynyl monomer 10 (701 mg, 0.725 mmol, 1 equiv), CuI (6.9 mg, 
0.036 mmol, 0.05 equiv), and Pd(PPh3)4 (41.6 mg, 0.036 mmol, 0.05 equiv). The solids were 
dissolved in THF (3 mL) and diisopropylamine (1 mL). The vial was sealed with tape and heated 
at 60 °C for 48 hours. After 48 hours, the solvent was removed and the solid dissolved in 
minimal CHCl3. This polymer solution was slowly added to rapidly stirring methanol (400 mL) to 
obtain R-P1 as a yellow solid (1.44 g, 98%). GPC (THF): Mn = 25 kDa, Mw = 50 kDa, PDI = 
2.0, Ret. Volume = 24-31 mL; 1H NMR (500 MHz, CDCl3): δ 7.97 (bm, 2H, ArH), 7.82 (bm, 
2H, ArH), 7.44-7.30 (bm, 8H, ArH), 6.98 (bs, 2H, ArH), 6.71 (bm, 2H, ArH), 3.83-3.65 (bm, 4H, 
OCH2), 1.62-1.58 (bm, 4H, CH2), 1.25 (bm, 44H, CH2), 0.88 (bm, 6H, CH3); 
13C NMR (125 
MHz, CDCl3): δ 163.3, 163.3, 158.9, 158.6, 147.3, 147.2, 136.5, 136.3, 135.7, 134.9, 133.7, 133.6, 
131.7, 131.7, 129.8, 129.7, 128.3, 128.0, 126.9, 126.7, 126.2, 125.8, 125.6, 124.0, 123.9, 122.3, 
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122.1, 119.8, 119.6, 115.1, 115.1, 113.2, 112.9, 87.63, 87.37, 69.09, 48.70, 32.09, 29.89, 29.85, 
29.82, 29.80, 29.77, 29.55, 29.53, 29.51, 29.00, 25.95, 22.85, 19.22, 14.29. 
 
 
S-P2. In a glovebox, a 20 mL I-CHEM vial was charged with S-diiodo monomer 7 (428 mg, 0.4 
mmol, 1 equiv), S-diethynyl monomer 13 (347 mg, 0.4 mmol, 1 equiv), CuI (3.8 mg, 0.02 mmol, 
0.05 equiv), and Pd(PPh3)4 (23.1 mg, 0.02 mmol, 0.05 equiv). The solids were dissolved in THF 
(3 mL) and DIPA (1 mL). The vial was sealed with tape and heated at 60 °C for 48 hours. After 
48 hours, the solvent was removed and the solid dissolved in minimal CHCl3. This polymer 
solution was slowly added to rapidly stirring methanol (400 mL) to obtain S-P2 as a light yellow 
solid (463 mg, 62%). GPC (THF): Mn = 14 kDa, Mw = 32 kDa, PDI = 2.3, Ret. Volume = 25-33 
mL; 1H NMR (500 MHz, CDCl3): δ 7.96 (bm, 2H, ArH), 7.82 (bd, 2H, ArH), 7.62 (bm, 2H, 
ArH), 7.42-7.30 (bm, 8H, ArH), 6.96 (bs, 2H, ArH), 6.81 (bm, 2H, ArH), 3.99 (bm, 4H, OCH2), 
3.64-3.47 (bm, 20H, OCH2), 3.31 (s, 6H, OCH3); 
13C NMR (125 MHz, CDCl3): δ163.0, 158.5, 
147.2, 136.4, 134.9, 133.5, 131.7, 129.8, 128.3, 127.0, 126.2, 125.9, 123.9, 122.2, 122.1, 120.1, 
115.6, 113.9, 87.73, 87.43, 72.04, 72.02, 71.00, 70.97, 70.70, 70.58, 70.56, 69.42, 69.03, 59.07. 
 
 
RS-P3. In a glovebox, a 20 mL I-CHEM vial was charged with S-diiodo monomer 7 (236 mg, 
0.22 mmol, 1 equiv), R-diethynyl monomer 10 (213 mg, 0.22 mmol, 1 equiv), CuI (2.1 mg, 0.011 
mmol, 0.05 equiv), and Pd(PPh3)4 (12.7 mg, 0.011 mmol, 0.05 equiv). The solids were dissolved 
in THF (3 mL) and DIPA (1 mL). The vial was sealed with tape and heated at 60 °C for 48 
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hours. After 48 hours, the solvent was removed and the solid dissolved in minimal CHCl3. This 
polymer solution was slowly added to rapidly stirring methanol (200 mL) to obtain RS-P3 as a 
light yellow solid (295 mg, 75%). GPC (THF): Mn = 19 kDa, Mw = 39 kDa, PDI = 2.0, Ret. 
Volume = 24-33 mL; 1H NMR (500 MHz, CDCl3): δ 7.96 (bm, 2H, ArH), 7.83 (bd, 2H, ArH), 
7.63 (bm, 2H, ArH), 7.45-7.38 (bm, 8H, ArH), 6.96 (bm, 2H, ArH), 6.83 (bm, 2H, ArH), 4.01 
(bs, 2H, OCH2), 3.85 (bs, 2H, OCH2), 3.66-3.47 (bm, 10H, OCH2), 3.32 (bs, 3H, OCH3), 1.64 
(bm, 2H, CH2), 1.25 (bm, 22H, CH2), 0.87 (bm, 3H, CH3); 
13C NMR (125 MHz, CDCl3): δ 164.1, 
164.0, 163.2, 163.0, 158.6, 158.6, 158.4, 158.4, 147.5, 147.2, 147.1, 136.4, 135.6, 135.5, 134.9, 
133.9, 133.6, 133.5, 131.7, 131.7, 129.7, 129.6, 128.3, 128.0, 127.9, 127.0, 126.9, 126.2, 125.9, 
124.1, 124.0, 123.9, 122.2, 120.3, 120.1, 120.0, 119.8, 115.7, 114.9, 114.6, 113.8, 113.3, 113.0, 
87.58, 87.17, 72.05, 72.03, 72.00, 71.01, 70.98, 70.81, 70.71, 70.66, 70.63, 70.58, 69.40, 69.10, 
68.98, 68.95, 68.86, 59.16, 59.11, 32.07, 29.87, 29.82, 29.78, 29.74, 29.71, 29.52, 29.48, 29.39, 
28.97, 25.93, 22.84, 14.29. 
 
4.7.5 Depolymerization and BINOL Macrocycle Synthesis 
 
 
RR-2mer. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (8 mg, 0.012 mmol, 10 wt%) and 
Ph3SiOH (12 mg, 0.0434 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 20 mL vial was 
stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM vial containing a 
solution of R-P1 (80 mg) in 1,2,4-trichlorobenzene (3 mL). The vial was sealed with tape and 
stirred at room temperature for 24 hours. After which, the 1,2,4-trichlorobenzene was removed 
via vacuum distillation. The crude material was purified via preparative TLC [silica gel, 
hexane/DCM 2:3] to obtain RR-2mer as a pale yellow solid (41 mg, 51%). 1H NMR (500 MHz, 
CDCl3): δ 7.96 (d, J = 9 Hz, 4H, ArH), 7.88 (d, J = 8 Hz, 8H, ArH), 7.55 (d, J = 8.5 Hz, 4H, 
ArH), 7.39 (m, 8H, ArH), 7.30-7.26 (m, 8H, ArH), 6.61 (d, J = 8.5 Hz, 4H, ArH), 3.65 (m, 8H, 
OCH2), 1.45 (bm, 8H, CH2), 1.27 (bs, 88H, CH2), 0.89 (t, J = 6.5 Hz, 12H, CH3); 
13C NMR (125 
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MHz, CDCl3): δ 163.3, 158.9, 147.3, 136.6, 135.6, 133.8, 131.7, 129.7, 128.0, 126.7, 125.7, 125.4, 
124.0, 122.1, 119.5, 115.1, 113.1, 87.63, 69.00, 32.11, 29.90, 29.88, 29.84, 29.72, 29.55, 29.49, 
28.88, 25.88, 22.88, 14.31; HR-MS (MALDI): Calc for C128H152O12 (M)
+ 1881.1278, Found 
1881.1370.  
 
 
SS-2mer. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (8 mg, 0.012 mmol, 10 wt%) and 
Ph3SiOH (12 mg, 0.0434 mmol, 15 wt%) in 1,2,4-trichlorobenzene (5 mL) in a 20 mL vial was 
stirred for 10 minutes. The catalyst solution was added to another 20 mL vial containing a 
solution of S-P2 (80 mg) in 1,2,4-trichlorobenzene (3 mL). The vial was sealed with tape and 
stirred at room temperature for 24 hours. After which, the 1,2,4-trichlorobenzene was removed 
via vacuum distillation. The crude material was purified via preparative TLC [silica gel, 
DCM/acetone/MeOH 70:26:4] to obtain SS-2mer as a pale yellow solid (45 mg, 56%). 1H 
NMR (500 MHz, CDCl3): δ 7.99 (d, J = 9 Hz, 4H, ArH), 7.95 (s, 4H, ArH), 7.89 (d, J = 8 Hz, 
4H, ArH), 7.56 (d, J = 8.5 Hz, 4H, ArH), 7.43 (m, 8H, ArH), 7.28 (m, 8H, ArH), 6.63 (d, J = 9 
Hz, 4H, ArH), 3.78 (m, 4H, OCH2), 3.68 (m, 4H, OCH2), 3.57-3.48 (bm, 32H, OCH2), 3.42 (m, 
8H, OCH2), 3.33 (s, 12H, OCH3); 
13C NMR (125 MHz, CDCl3): δ 163.0, 158.7, 147.3, 136.7, 
135.7, 133.7, 131.7, 129.8, 128.1, 126.8, 126.7, 125.8, 123.9, 122.2, 119.5, 115.8, 114.1, 87.69, 
72.02, 70.96, 70.70, 70.58, 69.23, 68.95, 59.14; LR-MS (ESI+): m/z (%): 1684.6 (21), 1683.6 (52), 
1682.6 (100), 1681.6 (80), 842.8 (17), 842.3 (41), 841.3 (65); HR-MS (ESI+): Calc for C100H96O24 
(M+H)+ 1681.6370, Found 1681.6371. 
 
  
S-P2
O
OOO
TgO
TgO
n
S
SS-2mer
OO
O
OTg
OTg
O
OOO
O
TgO
TgO
Ph3SiOH (15 wt%)
1,2,4-trichlorobenzene
25 °C, 24 h
55%
Mo[NAr(tBu)]3 (10 wt%)Et
Tg = O O O
 185 
4.7.6 Mixing and Self-Sorting Experiments 
 
 
Homochiral R-P1 + S-P2 Mixing Experiment. In a glove box, a solution of 
EtC≡Mo[NAr(tBu)]3 (8 mg, 0.012 mmol, 10 wt%) and Ph3SiOH (12 mg, 0.0434 mmol, 15 wt%) 
in 1,2,4-trichlorobenzene (5 mL) in a 20 mL vial was stirred for 10 minutes. The catalyst solution 
was added to a I-CHEM 20 mL vial containing a solution of R-P1 (40 mg) and S-P2 (40 mg) in 
1,2,4-trichlorobenzene (3 mL). The vial was sealed with tape and stirred at room temperature for 
24 hours. After which, the 1,2,4-trichlorobenzene was removed via vacuum distillation. The 
crude material was analyzed by FD-MS and GPC. 
 
Figure 4.9 – FD-MS analysis of crude products from depolymerization of R-P1 + S-P2 in 1,2,4-
trichlorobenzene at room temperature. 
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RS-P3 Depolymerization. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (10 mg, 0.015 
mmol, 10 wt%) and Ph3SiOH (15 mg, 0.054 mmol, 15 wt%) in 1,2,4-trichlorobenzene (6 mL) in 
a 20 mL vial was stirred for 10 minutes. The catalyst solution was added to a 20 mL I-CHEM 
vial containing a solution of RS-P3 (100 mg) in 1,2,4-trichlorobenzene (4 mL). The vial was 
sealed with tape and stirred at room temperature for 24 hours. After which, the 1,2,4-
trichlorobenzene was removed via vacuum distillation. The crude material was analyzed by FD-
MS and GPC. 
 
 
Figure 4.10 – FD-MS analysis of crude products from RS-P3 depolymerization in 1,2,4-trichlorobenzene 
at room temperature. 
O
O
OO
OTg
O
O
OO
RO
TgOOR
n
RS-P3
SR Ph3SiOH (15 wt%)
1,2,4-trichlorobenzene
25 °C, 24 h
Mo[NAr(tBu)]3 (10 wt%)Et Only
RR-2mer
+
SS-2mer
Tg = O O O
R = C14H29
 187 
 
RS-P3 Depolymerization in Toluene. In a glove box, a solution of EtC≡Mo[NAr(tBu)]3 (4 
mg, 0.006 mmol, 10 wt%) and Ph3SiOH (6 mg, 0.022 mmol, 15 wt%) in toluene (4 mL) in a 20 
mL vial was stirred for 10 minutes. The catalyst solution was added to a I-CHEM 20 mL vial 
containing RS-P3 (40 mg). The vial was sealed with tape and stirred at room temperature for 24 
hours. After which, toluene was removed and the crude material was analyzed by FD-MS. 
 
 
Figure 4.11 – FD-MS analysis of crude products from RS-P3 depolymerization in toluene at room 
temperature. 
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Low Temperature RS-P3 Depolymerization in Toluene. In a glove box, a solution of 
EtC≡Mo[NAr(tBu)]3 (4 mg, 0.006 mmol, 10 wt%) and Ph3SiOH (6 mg, 0.022 mmol, 15 wt%) in 
toluene (4 mL) in a 20 mL vial was stirred for 10 minutes. The catalyst solution was added to a I-
CHEM 20 mL vial containing RS-P3 (40 mg). The vial was sealed with tape and stirred at 5 °C 
for 24 hours in a cold room. After which, toluene was removed and the crude material was 
analyzed by FD-MS. 
 
 
Figure 4.12 – FD-MS analysis of crude products from RS-P3 depolymerization at 5 °C in toluene. 
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Room Temperature RR-2mer + SS-2mer Mixing Experiment in Toluene. In a glove box, 
a solution of EtC≡Mo[NAr(tBu)]3 (0.87 mg, 0.0013 mmol, 13 mol%) and Ph3SiOH (1.22 mg, 
0.0044 mmol, 44 mol%) in toluene (0.7 mL) in a 7 mL vial was stirred for 10 minutes. The 
catalyst solution was added to another 7 mL vial containing RR-2mer (9.4 mg, 0.005 mmol, 0.5 
equiv) and SS-2mer (8.4 mg, 0.005 mmol, 0.5 equiv). The vial was sealed with tape and stirred at 
room temperature for 24 hours. After which, the toluene was removed and the crude material 
was analyzed by FD-MS. 
 
 
Figure 4.13 – FD-MS analysis of crude products from RR-2mer + SS-2mer mixing experiment at room 
temperature in toluene. 
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Low Temperature RR-2mer + SS-2mer Mixing Experiment in Toluene. In a glove box, a 
solution of EtC≡Mo[NAr(tBu)]3 (0.87 mg, 0.0013 mmol, 13 mol%) and Ph3SiOH (1.22 mg, 
0.0044 mmol, 44 mol%) in toluene (0.7 mL) in a 7 mL vial was stirred for 10 minutes. The 
catalyst solution was added to another 7 mL vial containing RR-2mer (9.4 mg, 0.005 mmol, 0.5 
equiv) and SS-2mer (8.4 mg, 0.005 mmol, 0.5 equiv). The vial was sealed with tape and stirred in 
a cold room maintained at 5 °C for 24 hours. After which, the toluene was removed and the 
crude material was analyzed by FD-MS. 
 
 
Figure 4.14 – FD-MS analysis of crude products from RR-2mer + SS-2mer mixing experiment in 
toluene at 5 °C. 
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